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DNAPL STUDY French Ltd. Project
RISK EVALUATION FLTG, Incorporated

MEMORANDUM

Date: Apnl 30, 1994
To: R. L. Sloan
From: M. J. Day

Subject:: Response to comments on French Limited
DNAPL Draft Endangerment Assessment

This memo addresses specific comments made by CHoM Hill {memo dated March
15, 1994 to Judith Black, EPA, from John McLeod and Alpheus Sloan of CHoM Hiil)
on AHA's Draft DNAPL Study Endangerment Assessment dated December 1993
The memo addresses all the comments individually Each comment is reiterated
with the reference location in the Draft DNAPL Study Endangerment Assessment,
followed by a response to the comment and a reference to any changed text in the
revised report document The revised document i1s titled DNAPL Study Risk
Evaluation dated Apnl 1994.

Summary Comments
Comment

7 The document evaluates the nsk posed by the "no-action" alternative for
DNAPL remediation It assumes the ongoing aquifer remediation work is
complete and the system i1s turned off. Groundwater modeling, using the
known DNAPL areas as sources, is used to estimate the concentration at the
identified exposure points. Heath risks are then estimated based upon
assumed exposure pathways.

Response

No response required
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RISK EVALUATION FLTG, Incorporated
Comment

2. The document generally follows the Work Plan and Agency guidance with the
exception of the selection and justification of exposure points Three exposure
points are assumed

. Domestic wells at the Riverdale subdivision,
. Surface exposure (swimming) at the South Pond and East slough,
. Domestic wells south of new HWY-90

We disagree with the south of new HWY-90 exposure point Insufficient
evidence has been presented to justify moving the exposure point from Gulf
Pump Road to a point south of HWY-90. The assessment 1s based on the
assumption that the property south of Gulf Pump Road will be subjected to
institutional controls or deed restrictions and converted to wetlands, a
condition that has not yet been decided

Response
. We agree that, for a baseline risk evaluation, institutional controls should not be
assumed. Accordingly, the nearest exposure point, north of Gulf Pump Road has

been retained in the revised document Two exposure pathways have been added
to Figure 3-2 of the revised Risk Evaluation These pathways include hypothetical
domestic wells, located north of Gulf Pump Road, tapping the INT unit immediately
south of the INT-11 Area and tapping the S1 unit south of the S1-13 Area No land
use restnictions are assumed for this scenano

omment

3. The nsk data presented in the assessment indicate that some type of remedial
action of DNAPL areas will be required, but because of the choice of exposure
points the time frame for implementing the remedial action may be
underestimated Additional modeling using the current closest groundwater
exposure point 1s recommended to clearly define the period when remediation
1S required.

Response

The nearest exposure point, north of Gulf Pump Road has been retained in the
revised document as described in the response to general comment 2 above
Accordingly, the timing considerations associated with remedial action are now

‘ addressed
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Specific Comments
Comment
1. __Page 1-4, third paragraph. The future exposure also assumes land use

controls or restrictions that are presently not in force in the area with respect
to the property south of Gulf Pump Road. The selection of the exposure point
for future exposure in a baseline type of risk assessment cannot rely on
mmstitutional controls that are not presently in place The implementation of
institutional controls would be considered a nsk management remedial action
and an alternative to be considered in a feasibility study not a baselne risk
assessment.

Response

We agree that the assumption of future land use controls and/or restrictions that
would Iimit points of exposure south of Gulf Pump Road i1s inappropnate for a
baseline risk assessment This scenario has been retained to demonstrate a
possible exposure scenario under existing land use conditions but for the purposes
of the revised nsk evaluation we have not assumed that the required land use
restrictions are In place. In addition, nsk has been evaluated using a more intensive
land use scenario that does not require land access restrictions This includes
hypothetical domestic wells tapping both the INT and S1 units iImmediately north of
Gulf Pump Road as the nearest points of exposure The appropriate sections of the
revised report - Section 3.0, Exposure Assessment, Section 50 Risk
Characterization and Appendix A - have been revised to include the additional
potential exposure point north of Gulf Pump Road

Comment

2 Page 2-7, Table 2-2. The table does not reference the source for the "French
Ltd Cleanup Criteria”.

Response

The correct reference for the "French Ltd Cleanup Criteria™ 1s now provided The
source of these data 1s the French Limited Site Remediation Quality Assurance
Project Plan, December 1993, and 1s referenced in the revised Table 3-2
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RISK EVALUATION FLTG, Incorporated
ngmeng

3. _Page 3-4, first paragraph, first ine_ Please clarify what "will be” In the
current syntax it seems to be a strong statement given that the exposure
routes, points, concentrations, and rates are all hypothetical and may not ever
happen.

Response

The term "will be" has been replaced with "may be" in the revised document to
reflect uncertainty of future exposures

Comment

4 Page 3-6, fourth paragraph /n the DNAPL Study Field Data Report dated
November 1993, Figure 1-1 page 1-2 areas of "DNAPL Residual Zones" are
shown that could be at a shallow enough depth to be considered a possible
exposure route if someone were to excavate for a foundation for a bullding
The argument eliminating this exposure pathway could be strengthened for
example by discussion of current building practice in the area and the high
groundwater levels which discourage construction of deep structures

Direct exposure to DNAPL and DNAPL-mpacted soils was not evaluated as an
exposure pathway in the Draft DNAPL Study Endangerment Assessment The
rationale for excluding this pathway was the absence of a means of direct contact
with DNAPL (exposure route) other than by trained workers during dnlling and
excavation activities associated with site investigations or remediation

Figure 1-1 of the DNAPL Field Data Report 1s conceptual In nature As indicated in
this report, DNAPL-impacted strata have been observed at depths of no less than
27 feet At this depth, DNAPL could potentially be encountered during a future
excavation for a building foundation However, the presence of a shallow water
table discourages deep excavations The current local buillding practice i1s to install
shallow concrete slabs to provide building support

Additional descrniption of current bullding practices and water table conditions as
justification for eliminating the direct contact exposure route has been added to
Section 3 0 Exposure Assessment of the revised Risk Evaluation Report

AHA File Name EA-REPLY DOC 4 Apnl 1994
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Comment

5 _ Page 3-7, Fiqure 3-2. The future exposure assuming land use controls or
restrictions that are presently not in force in the area with respect to the
property between Gulf Pump Road and new U.S HWY 90 s inappropriate
The selection of the exposure point for future exposure in a baselne type of
risk assessment cannot rely on institutional controls that are not presently in
place The implementation of institutional controls would be considered a risk
management remedial action and an alternative to be considered in a feasibility
study not a baseline risk assessment.

Response

See response to Spectific Comment #1 Section 3 0 and Figure 3-2 of the final Risk
Evaluation report has been revised to reflect the absence of any land use
restrictions other than those which are currently in place.

Comment

6 Page 3-13, last paragraph. The future exposure assuming land use controls or
restrictions are presently not in force in the area with respect to the property
between Gulf Pump Road and new U.S. HWY 90 s inappropriate  The
selection of the exposure point for future exposure in a baseline type of risk
assessment cannot rely on institutional controls that are not presently in place.
The implementation of institutional controls would be considered a risk
management remedial action and an alternative to be considered in a feasibility
study not a baseline risk assessment Until deed restrictions and institutional
controls hmiting the use of this area to "wetland/recreational” are in place,
other more intensive land use must be assumed for potential exposure

Response

N

See response to Specific Comment #1
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Comment

7. Page 3-18. third paragraph. second sentence. Appendix A describes the

source point concentrations as the maximum observed level in a well Is this
the same a those values in Table 2-2?

Response

imtial chemical concentrations which were used as model input values, also defined
as "source pomnt concentrations” were defined in the Draft DNAPL Study
Endangerment Assessment (Appendix A, page A-2, first paragraph, last sentence)

For each chemical, the maximum observed groundwater concentration in_each

source area was used to calculate the chemical release rate

Table 2-2 of the Draft DNAPL Study Endangerment Assessment lists maximum
observed concentrations for various compounds and media for the entire French
limited site. Corrections have been made to this table to reflect more complete
data sources than was originally reported. Concentrations used to calculate release
rates for the model reflect local or relative maximum values for five individual
compounds in each source area. An additional table, Table 2-3, has been added to
the revised report to summarize the maximum groundwater concentrations in each
of the four "source" areas.

For each of the exposure pathways considered in Section 3 0, the appropriate
maximum observed groundwater concentration in the corresponding source area
was used to modei the transport of modeled compounds to the receptor points
The source concentrations summarnized in the new Table 2-3 may be less than or
equal to the groundwater maximum concentration listed in Table 2-2 The
concentrations for any given compound would be equal in both Table 2-2 and 2-3
only 1if the maximum observed concentration for that compound for the entire
French Limited site was encountered in a well in the vicinity of that source area In
all other cases the model input value was denved from a relative or local maximum
concentration which was less than the maximum observed at the site

It should be noted that Tables 2-2 and 2-3 include only data from locations outside
the sheetpile cutoff wall This 1s because only DNAPL-impacted areas outside the
wall are considered to be potential continuing sources of groundwater
contamination after the existing remedial operations are terminated

AHA File Name EA-REPLY DOC 6 Apnl 1994
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Comment

8. Page 3-18, third paragraph, next to last sentence The future exposure

assuming land use controls or restrictions that are presently not in force in the
area with respect to the property between Gulf Pump road and new U S HWY
90 is mnappropriate. The selection of the exposure point for future exposure in
a baseline type of sk assessment cannot rely on institutional controls that are
not presently in place. The implementation of institutional controls would be
considered a rnisk management remedial action and an alternative to be
considered in a feasibility study not a baseline risk assessment. Until deed
restrictions and institutional controls imiting the use of this area are in place,
other more intensive land use must be assumed for potential exposure

Response

See response to Specific Comment #1 This paragraph has been rewritten to
reflect the absence of any land use restrictions of all exposure scenarios other than
those which are currently in place

ommen

9 Page 3-19, first paragraph, ltem No 2 Should the contaminant come from
the "eastern” not the "western” part?

Response

The transport scenario of migration of contaminants from the S1-13, S1-16 and
INT-11 areas of the French Limited site to an exposure point south of new Hwy 90
are indeed from the eastern part of the site and not the western part as stated
This typographical error has been corrected Iin the revised DNAPL Study Risk
Evaluation Report.
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RISK EVALUATION FLTG, Incorporated
Comment

10. Page 3-19. second paragraph The modehng described in Appendix A
discusses the evaluation of four compounds, how were the concentration for
the remaining compounds presented in Table 3-4 calculated?

Response

Exposure concentrations for all of the chemicals listed in Table 3-4 were denved or
directly obtained from the maximum groundwater concentrations observed at
monitoring wells In each of the four source areas. This I1s because no attenuation
processes were assumed in the transport modeling that would actually reduce
contaminant mass Retardation processes, such as adsorption onto soails were
included In the analysis but these processes have the effect of slowing the
migration rate compared to that of groundwater. However, modeling confirms that,
under these conservative attenuation assumptions, and if the source concentrations
are maintained due to DNAPL occurrence, the maximum groundwater concentration
at the exposure point will eventually equal that in the source area The time when
these concentrations are realized for different constituents varies depending on the
retardation characteristics for each constituent as noted in Appendix A

The only processes that will change the maximum exposure concentration, under
these assumptions, 1s dilution from less contaminated water sources or a mass
transfer to another media For example, dilution will occur In the case of the
surface water exposure scenarios where contaminated groundwater discharge s
assumed to mix with uncontaminated surface waters Mass transfer effects will
influence exposure concentrations in the cases of calculated exposure to vapor
concentrations during showering with a contaminated groundwater supply and
ingestion of fish caught in ponds affected by contaminated groundwater discharge
The concentrations for each chemucal differ between the various exposure
pathways, due to dilution or mass transfer calculations required to convert the initial
groundwater concentration to other media (1 € groundwater vapor, pond water, or
mngested biomass)

Accordingly, the four compounds chosen for modeling in the Draft report were
selected on the basis of prevalence in the source areas and to give a range of
expected migration transport times for the various scenarios. The explanation of
this choice was not included in the Draft report The revised report has included an
explanation of the rational for modeling only a selected number of constituents
Also, acetone (the most mobile or least retarded constituent) was included to the
constituents modeled so that the range of migration times was more fully covered
for each of the pathways examined
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The exposure concentrations for each of the exposure pathways were derived as

follows:

Groundwater

Groundwater vapor

Surface Water

n
7
-

Comment

Maximum detected groundwater concentration from
each source area These values are listed in Table 2-3
of the revised report

Maximum detected groundwater concentration from
each source area, listed in Table 2-3, converted to the
vapor phase using the mass transfer calculations shown
in Appendix B of the revised report

Maximum detected concentration from each source
area, listed in Table 2-3, diluted to the surface water
concentration using the loading rates and dilution
factors shown in Table A-2 of Appendix A of the
revised report

Fish biomass concentration obtained by multiplying the
calculated surface water concentration by the Biomass
Concentration Factor (BCF) for each constituent as
shown in Tables 3-2 and 3-4 of the revised report

11. Page 3-25, second paragraph See comments on page 3-6

Response

This item is addressed on page 3-6 of the revised DNAPL Study Risk Evaluation and
1s described in the response to Comment 4

AHA File Name EA-REPLY DOC
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DNAPL STUDY French Ltd. Project
RISK EVALUATION FLTG Incorporated
Qomment

12. Page 3-25, last paragraph. The majority of the DNAPL contaminants of
concern seem to be volatiles and can mugrate in the unsaturated zone as
vapors and could collect in subsurface structures such as basements.
Because of the current building practices and high groundwater levels this
pathway may not be probable but there should be some consideration for this
pathway from at least a qualitative perspective.

Response

As addressed in the response to Comment 4, the high water table conditions in the
floodplain of the San Jacinto River discourage the construction of subsurface
structures, including basements Accordingly, the accumulation of volatile organic
vapors In such structures 1s not considered in the DNAPL Study Risk Evaluation,
but 1s discussed in more detail on page 3-6 of the revised report

Comment

13. Page 3-26, next to last paragraph. The last sentence refers to the term "time
frame” which is not referenced in the Appendix B If the author intended to

refer to exposure duration, the phrase should be clarified.

Response

The term "time frame" has been replaced with the correct term "exposure duration”
in the revised report for the purpose of clanfication

Comment

14 Page 3-27, Table 3-5 The rationale for using 70 years for the exposure
duration is not given. Typical exposure durations of 30 years, for the 90th
percentile in one residence, i1s used in residential situations. This should be
explained

Response

The exposure calculations have been re-evaluated using a 30 year exposure
duration to be consistent with recommended values published in Risk Assessment
Guidance for Superfund Volume | Human Health Evaluation Manual Supplemental
Guidance "Standard Default Exposure Factors” by the USEPA  The 30 vyear
exposure duration 1s the 90th percentile for time spent at one residence for an
adult
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The 70 year exposure duration used in the onginal report was selected to account
for a Reasonable Maximum Exposure (RME) of an individual who lived their entire
hfe at either one location or in the same neighborhood This exposure duration was
selected as a conservative assumption rather than being based upon documented
site-specific data. Without the support of such data, the EPA guidance documents
suggest that the standard default exposure factors be used

Comment

15. Page 3-28, Table 3-5 (continued] The rationale for using 70 years for the
exposure duration for fish ingestion is not given. Typical exposure durations of
30 years, for the 90th percentile in one residence, is used in residential
situation. This should be explained.

Response

The fish ingestion pathway has been re-evaluated using a 30 year exposure duration
(the 90th percentile for time spent at one residence for an adult) to reflect values
published in Risk Assessment Guidance for Superfund Volume | Human Health
Evaluation Manual Supplemental Guidance "Standard Default Exposure Factors” by
the USEPA.

Once again, the 70 year exposure duration used in the draft report was selected to
account for a Reasonable Maximum Exposure (RME) of an individual who hved their
entire life at either one location or in the same neighborhood

Comment

16. Page 3-29, third paragraph The rationale for using 70 years for the exposure
duration for fish ingestion i1s not given Typical exposure durations of 30
years, for the 90th percentile in one residence, 1s used in residential situations
This should be explained.

Response

The fish ingestion pathway has been re-evaluated using a 30 year exposure duration
(the 90th percentile for time spent at one residence for an adult) to reflect values
published in Risk Assessment Guidance for Superfund Volume | Human Health
Evaluation Manual Supplemental Guidance "Standard Default Exposure Factors" by
the USEPA.
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Comment

17 _Page 4-1, footnote. This footnote eliminates arsenic as a chemical of concern
yet i1t 1s carried on to the toxicity screening discussion summarized in Table 4-
5. If the background concentration for any inorganic has been established by
using upgradient and or residential wells the information should be presented
and then used to eliminate arsemic, or other inorganics, from the /st of
contaminants of concern

Response

This footnote was included to indicate the background arsenic concentrations in
groundwater in the wvicinity of the French Limited Site (approximately O to 20
micrograms/liter). Both wells FLTG-4 and FLTG-13 are outside DNAPL-impacted
areas and are believed to represent maximum background levels of arsenic. The
maximum concentration of arsenic detected in groundwater in the DNAPL-impacted
areas was slightly above this level, up to a maximum of 103 micrograms/iiter as
indicated in Table 2-2 and 2-3 of the revised report. A lack of a direct comparison
of these values in the onginal report, and the wording of the referenced footnote,
suggested that arsenic could be removed as a chemical of concern in the nsk
assessment screening because 1t I1s present at close to background concentrations
The footnote wording has been revised and additional explanation has been added
to the text to remove this ambiguity Despite observed groundwater concentrations
that are only slightly elevated above background values, arsenic s retained in the
carcinogenic and noncancer toxicity assessment in the revised report because of
the relative risks 1t contributes

Comment

18. Page 4-2, last paragraph The paragraph references 1992 EPA information but
Table 4-6 relles on 1993 EPA information Why does one part of the same
section rely on older information than the other? The paragraph says that
there 1s no IRIS slope factor for vinyl chlonde and tetrachloethene yet Table 4-
6 has IRIS 1993 as a source for the slope factors that this paragraph says do
not exist

Response

Tables 4-6 and 4-7 incorrectly referenced the 1993 edition of the HEAST rather
than the 1992 edition which was the actual data source for some compounds in the
draft report However, for the revised DNAPL Study Risk Evaluation Report, a
updated review of toxicity data in IRIS was made on April 25, 1994 In addition,
the latest available HEAST manual updates (HEAST Annual Update, March, 1993
and Supplement No 1 issued July, 1993) were reviewed for data not available in

AHA Fils Name EA-REPLY DOC 12 Apnl 1994




485335

DNAPL STUDY French Ltd. Project
RISK EVALUATION FLTG Incorporated

IRIS. The tables listing toxicity data in the revised report, Tables 4-2, 4-6 and 4-7,
reflect this latest review of available data. The reference document for
toxicological data that 1s not available on IRIS 1s now HEAST, 1993 except for two
constituents, trichloroethene (TCE) and tetrachioroethene (PCE). The 1990 edition
of the HEAST was consulted to determine slope factors for these chemicals (and
RfD for PCE) because values were under review at the time of the publication of the
1993 HEAST. The revised tables show the corrected references where appropriate
and are now consistent

The last paragraph of page 4-2 of the Draft DNAPL Study Endangerment
Assessment, correctly states that there was no verified slope factors or reference
doses avallable for wvinyl chionde, 1,1-dichloroethane, tnchloroethene,
tetrachloroethene (PCE), and naphthalene Tables 4-2, 4-6 and 4-7 of the revised
report have been corrected to reflect the source documents for non-verified
toxicological data for these constituents

The oral reference doses, and the oral and inhalation slope factors for
tetrachloroethene (PCE) listed in Tables 4-2 and 4-6 were obtained from the
HEAST, 1990 (as indicated above) While there were no noncarcinogenic toxicity
values available for vinyl chloride from the IRIS or HEAST, 1993, carcinogenic
toxicity oral reference doses and inhalation reference concentrations for wvinyl
chlonde were obtained from the HEAST 1993 and are shown in the revised Tables
4-2 and 4-7. These values are the same as that used in the draft report which
were actually obtained from HEAST, 1992 Also note that where "NA" was shown
in either of these tables, a corresponding note was referenced indicating that no
verified slope factors or reference doses were available

Comment

19. Page 4-5. Table 4-2 Some of the values and reference dates in this table
differ from those given in Tables 4-6 and 4-7, (For example compare 1,1,2
TCA and vinyl chloride) Which tables should be considered to be accurate?

Response

As indicated in the response to Comment 18, Tables 4-6 and 4-7 incorrectly
referenced the 1993 edition of the HEAST rather than the 1992 edition which was
the actual data source for some compounds in the draft report. For the revised
DNAPL Study Risk Evaluation Report, a updated review of toxicity data in IRIS was
made on April 25, 1994, In addition, the latest available HEAST manual updates
(HEAST Annual Update, March, 1993 and Supplement No 1 1ssued July, 1993)
were reviewed for data not available in IRIS The tables listing toxicity data in the
revised report, Tables 4-2, 4-6 and 4-7, reflect this latest review of available data
These tables show the corrected references where appropriate and are now
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consistent. The reference document for toxicological data that is not available on
IRIS 1s now HEAST, 1993, except for two constituents, TCE and PCE. The 1990
edition of the HEAST was consulted to determine slope factors for these chemicals
(and RfD for PCE) because they were under review at the time of the publication of
the 1993 HEAST. Discrepancies between toxicity values, reference sources, and
reference dates in Tables 4-2, 4-6, and 4-7 have been corrected

Minor discrepancies between oral and inhalation slope factors for 1,1,2-
trnichloroethane (1,1,2-TCA) and vinyl chloride histed in Tables 4-2 and 4-7 have
been corrected and are now current and consistent

Comment

20.Page 4-16, fourth paragraph See comments on page 3-6

Response

See response to comment 4. The route of exposure via direct DNAPL contact 1s
discussed n the context of dnlling, excavations, and local current building practices
in the revised Sections 3 0 and 4 0.

Comment
21. Page 4-17, second paragraph, and Table 4-4 The Table pares down the

number of potential carcinogens from 17 to 9 using the "1% rule”, Because
the volatile compounds trichloroethene and 1,1,2-trichloroethane contribute
less than 1% of the total nisk it i1s vahd to elminate them from further
consideration. In an evaluation of treatment alternatives for volatiles these
low percentage compounds would be removed.

This, however, does not hold true for the semivolatiles hexachlorobutadiene
and hexachlorobenzene. Even though those two semivolatiles do not make
the 1% nsk contribution cutoff the treatment of them in the analysis of
treatment alternatives in a feasibiity study may affect the selection of a
preferred alternative The author should evaluate iIf this could adversely effect
future treatment decisions

Arsenic 1s retained during the screening, yet the text (footnote 1, page 4-1)
alludes to it being at background concentration levels See Page 4-1
comment

AHA Fils Name EA-REPLY DOC 14 Apnl 1994
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Response

As explained in section 4 6.1, page 4-17 of the draft report, any compound with a
Noncancer Hazard Quotient of 1 O or greater (as shown in Table 4-4) was retained
for further fate and transport screening. Only one semivolatile, hexachloroethane,
met this criteria, but it was subsequently ehminated from further consideration
because of its mited occurrence and transport in soll and groundwater, low
Noncancer Hazard Quotient relative to the volatile constituents, and insignificant
contrnibution to overall nsk

Even though the standard toxicity and/or fate and transport criteria are not met, it
may be reasonable to retain some semivolatile compound in the toxicity screening
on the basis of the implications of the future selection of remediation alternatives
However, retaining these compounds on the basis of possible future treatment
ramifications rather than on the basis of nsk goes beyond the guidelines of a
baseline risk assessment

In the revised report, a more complete evaluation of source concentrations
appropniate to the nsk evaluation was made In particular, the latest available data
from the 1993 annual sampling was included in the database and source
concentrations were only considered for areas outside the sheetpile cutoff wall
This because only areas outside the sheetpile cutoff wall are considered as potential
future source areas for groundwater contamination In this revised analysis, both
hexachlorobenzene and hexachlorobutadiene were not detected in groundwater of
the four potential DNAPL-impacted "source" areas

Comment

22. Page 4-21, Table 4-5 See comment on page 4-17

Response

Arsenic was retained as a chemical of concern on the basis of both its carcinogenic
and noncancer nsk. The text of the footnote on page 4-1 has been rewritten to
indicate that arsenic was detected in groundwater from DNAPL-impacted areas at
concentrations which are slightly above background levels
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Comment

23.Page 4-22, partial paragraph at top of page See comment on page 3-6

Response

See response to comment 4. The route of exposure via direct DNAPL contact Is
discussed in the context of dniling, excavations, and local current building practices
in the revised Sections 3 0 and 4 0

Comment

24 Page 4-23, Table 4-6 See comments on page 4-5 The nomenclature in this
table differs from all others in the report On the first page should the
acronym for 1,2-DCE be assumed to be trans?

Response

Discrepancies between toxicity values, reference sources, and reference dates
listed in Tables 4-2, 4-6, and 4-7 have been corrected and are addressed in items
18 and 19 of this reply to comments

The 1,2-DCE listed on the first page of Table 4-6 1s for trans-1,2 DCE The
concentration values listed on Tables 2-2 and 2-3 are for "total 1,2 DCE (1e the
sum of both trans- and cis- isomers) as this is the current analytical protocol For
nsk assessment purposes, however, the total 1,2 DCE value 1s assumed to be
trans-1,2 DCE The trans-1,2 DCE 1somer toxicity values were chosen for risk
evaluation because the carcinogenic values are listed In IRIS and are consequently
the most up-to-date and accepted values for this type of analysis The cis-1,2 DCE
toxicity information, derived from HEAST, 1993, 1s also presented in Tables 4-2 and
4-3 of the revised report for comparnson However, only the trans-1,2 DCE values
are used for the Risk Evaluation in Section 5 0

Comment
25. Page 4-25, Table 4-7 See comments on page 4-5.

Response

As ndicated in the response to comment 18, discrepancies between toxicity
values, reference sources, and reference dates listed in Tables 4-2, 4-6, and 4-7
have been corrected
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Comment

26. Page 4-28, first paragraph It is unclear where are the sources for the toxicity
data. The statements in this paragraph seem to disagree with the information
and sources cited in table 4-6 and 4-7. For example, 1,1-DCE is listed in the
table 4-7 as IRIS 1993, yet paragraph says toxicity data is not available.
Please review these citations.

Response

As indicated in the response to comment 18, discrepancies between toxicity
values, reference sources and dates listed in Tables 4-2, 4-6, and 4-7 have been
corrected.

Comment

27 _Page 5-3, third sentence. The sentences states "ten" carcinogenic chemical
were evaluated. Table 4-5 st mine. Please clarify.

Response

The sentence incorrectly states that ten potential carcinogenic chemicals of
concern were evaluated Nine such compounds were evaluated In the revised
report, the list of chemicals of concern has been expanded shghtly to include
trnichloroethene (TCE) and chromium Eleven of the revised list of fifteen chemicals
of concern are carcinogenic.

Comment

28 Page 5-4, Table 5-1 The nisks presented at this exposure point assume that
deed restrictions and institutional controls are already in place The risks and
time for first detection should be calculated for an exposure point immediately
south of Gulf Pump Road

Please define the data columns MAX GW Conc at Exposure Pt, "Exposure
Concentration” and "Time for First Detection”.

Response

As indicated in the response to comment 1, the revised Risk Evaluation includes
hypothetical domestic wells iImmediately north of Gulf Pump Road adjacent to the
INT-11 and S1-13 "source" areas, as the nearest points of exposure Footnotes
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have been added to the end of Tables 5-1 to 5-7 of the revised report to explain the
column header abbreviations

Comment

29. Page 5-8, first paragraph The statement that the INT unit supphes only 10%
of the well yield 1s probably true but additional data should be included to
substantiate this claim. The next sentences states that the risks are probably
overestimated by 10 times in only true if the INT unit will not supply enough
water for a resident to use.

Response

The March, 1994, French Ltd. Project Monthly Progress Report indicates that the
average groundwater production for the month was 2 93 gallons/minute from 47
wells screened in the S1 unit and O 87 gallons/minute from 50 wells screened in
the INT unit. These relative rates of groundwater pumping suggests that while well
yield vary in both units, INT unit wells yield roughly 30% the production of S1 wells
at the site (rather than the 10% that was suggested in the DNAPL Study

Endangerment Assessment )

Wells 1n the Riverdale subdivision which penetrate only the shallow alluwial
sediments (to depths less than 100 feet) are typically screened through both the S1
and INT units The relative yield of the S1 and INT units to such a well may be
reasonably estimated by examining the relative yields of S1 (70% of the total) and
INT (30% of the total) production wells at the French Limited site Given that this
IS a reasonable estimate, it follows that the calculated rnisk associated with
consumption of groundwater from a Riverdale well 1s probably exaggerated by
about 70% (than for a well which taps only the INT unit) A well screened only in
the INT unit which yields less than a gallon a minute may be adequate for small
domestic supply. However, i1t is unlikely that such wells exist in Riverdale because
the higher yielding S1 unit occurs at a shallower depth and wells driled to the
depths of the INT are screened through both the S1 and INT to obtain a maximum
yield

The intake values and subsequent rnisk calculations for the Riverdale exposure
scenanos assume 100% contribution from the INT unit The more probable 30%
contribution of the INT unit 1s discussed In the section on "Uncertainty”, and the
30% value 1s supported by production data from the French Limited site remedial
system as indicated above
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Comment

30 Page 5-19, fifth paragraph. See comment on page 5-8

Response

The relative yields and the implications of the associated risk are discussed In the
rasponse to comment 29

Comment

31. Page 5-26, first paragraph The conclusions presented are supported by the
data presented The information not presented such as the assumed exposure
points and the time of first unacceptable risk concentrations leave questions
as to when and where the needed remediation will take place

Response

The exposure points and pathways in the final report have been revised to include
points of exposure north of Gulf Pump Road and a more complete discussion of
timing i1ssues that have a direct influence on potential remedial actions Additional
discussion has been added to the conclusions to emphasize the need for expeditious
remedial action to address the excavation, treatment, or containment of the DNAPL
impacted areas which continue to contaminate groundwater. The evaluation of
specific remedial action 1s addressed in the DNAPL Study, Remedial Alternative
Selection and Feasibility Study Report, December 1993 It 1s important to note, as
stated in the report, that migration of DNAPL-contaminated groundwater to the
Riverdale subdivision is currently prevented by the hydraulic capture zone of the
French Limited groundwater remedial system

Comment

32. Page A-1, first paragraph Please explain why the four compounds modeled
were selected and the basis for calculating the concentration of the remaining
compounds under consideration

Response

In the draft report, four compounds were selected for modelng solute transport,
1,2-DCA, chloroform, viny! chloride, and benzene These compounds were selected
to represent the bulk of the 13 chemicals of concern They are some of the most
prevalent chemicals in French Limited groundwater and cover the range of
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constituent mobility in groundwater (Koc's of 14, 31, 57, & 83 respectively based
upon values listed in Table 3-2) Given this cntena, and the fact that a primary
objective of the modeling was to determine the arrival of the bulk of the chemicals
of concern, a modeling simulation of the transport of the most mobile chemical,
acetone (Koc = 2 2), has been added to the revised DNAPL Study Risk Evaluation
to account for the first arnval of a chemical of concern to the various receptors

Chemical concentrations of all of the compounds included in the various exposure
scenarios (maximum groundwater concentration at exposure point) were derived
from the local maximum concentrations for each chemical in the respective source
area for each pathway considered A new table, Table 2-3, has been added to the
final report to differentiate the groundwater concentrations for each chemical in the
four "source" areas These concentrations are less than or equal to the maximum
groundwater concentrations detected at the entire French Limited Site as listed In
Table 2-2 and as explained in the response to comment 7 For each pathway, the
arnval times for the chemicals of concern that were not specifically modeled, were
extrapolated from the results of the five modeled chemicals on the basis of
retardation factor ratios.

Comment

33. Page A-1, last paragraph The methodology for dernivation of the retardation
coefficients should be discussed in greater detail

Response

Retardation factors were calculated by the AT123D model, from the standard
retardation equation (Freeze & Cherry, 1979)

R =1+ (pp/n « Kd

where.
R = the retardation factor,
pp = the bulk density of the media,
n = the porosity of the media, and

Kd = the distrnibution coefficient of the chemical

The vanables pp n, and Kd are entered as model input and the source of each is
explained in Appendix A . Because bulk density and porosity are considered to be
constants for a given media, the distribution coefficient i1s the input parameter that
most affects chemical retardation The dernvation of the distnbution coefficients s
described on page A-2 of Appendix A
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Appendix A emphasizes the influence of retardation factors upon the modeling
resuits. In the AT123D model, retardation factors are calculated by the model
using the retardation equation, rather than entered as model input as the last
paragraph of page A-1 indicates. The values reported in Appendix A were actually
calculated independent of the model, using the same retardation equation The
reported values differ shightly from those calculated by the model because a single
constant was assumed for the value of (pp/n) to simphfy the independent
calculations. Retardation factors were provided to illustrate the relative transport
properties of the four modeled chemicals and they should have been discussed In
the context of modeling results rather than mode! input

Portions of Appendix A have been rewrntten to clanfy the importance of the
distribution coefficients as input parameters and discuss the model-calculated
retardation factors in the context of the modeling results
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DEFINITIONS

Absorbed Dose. The amount of a substance penetrating the exchange boundarnes
of an organism after contact. Absorbed dose i1s calculated from the intake and
the absorption efficiency. It usually is expressed as mass of a substance
absorbed into the body per unit body weight per unit time (e.g., mg/kg-day).

Administered Dose. The mass of a substance given to an organism and in contact
with an exchange boundary (e.g., gastrointestinal tract) per unit body weight per

unit time (e.g., mg/kg-day).

Applied Doge. The amount of a substance given to an organism, especially through
dermal contact.

Chronic Daily Intake (CDI). Exposure expressed as mass of a substance contacted
per unit body weight per unit time, averaged over a long period of time (as a

Superfund program guideline, seven years to a hfetime).

Chronic Reference Dose {RfD). An estimate (with uncertainty spanning perhaps an
order of magnitude or greater) of a dailly exposure level for the human

population, including sensitive subpopulations, that is hkely to be without an
appreciable risk of deleterious effects during a lifetime. Chronic RfDs are
specifically developed to be protective for long-term exposure to a compound
(as a Superfund program guideline, seven years to lifetime).

Contact Rate. Amount of medium (e.g., ground water, soil) contacted per unit time
or event {(e.g., liters of water ingested per day).

Exposurg. Contact of an organism with a chemical or physical agent. Exposure is
quantified as the amount of the agent available at the exchange boundaries of
the organism (e.g., skin, lungs, gut) and available for absorption.

Exposure Assessment. The determination or estimation (qualitative or quantitative)
of the magnitude, frequency, duration, and route of exposure

Exposure Event. An incident of contact with a chemical or physical agent. An
exposure event can be defined by time (e.g., day, hour) or by the incident (e.g.,
eating a single meal of contaminated fish).
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DEFINITIONS (Cont.)

Exposure Pathway. The course of a chemical or physical agent from a source to an
exposed organism. An exposure pathway describes a unique mechanism by
which an individual or population 1s exposed to chemicals or physical agents at
or onginating from a site. Each exposure pathway includes a source or release
from a source, an exposure point, and an exposure route. If the exposure point
differs from the source, one or more transport/exposure media (e.g., air, ground
water) are included.

Exposure Point. A location of potential contact between an organism and a
chemical or physical agent.

Exposure Route. The way a chemical or physical agent comes in contact with an
organism (i.e., by ingestion, inhalation, dermal contact).

Hazard Identification. The process of determining whether exposure to an agent
can cause an increase in the incidence of a particular adverse health effect (e.g.,
cancer, birth defect) and whether the adverse health effect 1s likely to occur in

humans.

Hazard Index (HI). The sum of more than one hazard quotient for multiple
substances and/or multiple exposure pathways. The Hl is calculated separately
for chronic, subchronic, and shorter-duration exposures.

Hazard Quotient. The ratio of a single substance exposure level over a specified
time period (e.g., subchronic) to a reference dose for that substance dernved

from a similar exposure period.

Intake. A measure of exposure expressed as the mass of a substance in contact
with the exchange boundary per umit body weight per unit time (e.g., mg
chemical/kg-day). Also termed the normalized exposure rate; equivalent to
administered dose.

Integrated Risk Information System (IRIS). An EPA data base containing verfied

RfDs and slope factors and up-to-date health risk and EPA regulatory information
for numerous chemicals. IRIS 1s EPA's preferred source for toxicity information
for Superfund.

Lifetime Average Daily Intake. Exposure expressed as mass of a substance
contacted per unit body weight per unit time, averaged over a lifetime.
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| DEFINITIONS (Cont.)
L - - -Level . In dose-response experiments, the

lowest exposure level at which there are statistically or biologically significant
increases in frequency or severity of adverse effects between the exposure
population and its appropriate control group.

No- - rge-E -Level (NOQAEL). In dose-response experiments, an
exposure level at which there are no statistically or biologically significant
increases in the frequency or severity of adverse effects between the exposure
population and its appropriate control; some effects may be produced at this
level, but they are not considered to be adverse, nor precursors to specific
adverse effects. In an experiment with more than one NOAEL, the regulatory
focus is primanly on the highest one, leading to the common usage of the term
NOAEL to mean the highest exposure level without adverse effect.

No- -Effect-Level (NQEL). In dose-response experiments, an exposure level
at which there are no statistically or biologically significant increases in the
frequency or severnity of any effect between the exposure population and its
appropriate control.

. fer ncentration (RfC). Chronic Reference Dose for inhalation exposure 1s
generally reported as a concentration in air or Reference Concentration (R{C) in
mg/m3 for continuous 24 hour/day exposure.

Reference Dose (RfD). The EPA's preferred toxicity value for evaluating
noncarcinogenic effects resulting from exposuresto chemicals. See specific
entnies for chronic RfD, and subchronic RfD. The acronym RfD, when used

without other modifiers, either refers generically to all types of RfDs or
specifically to chronic RfDs; 1t never refers specifically to subchronic or
developmental RfDs.

Slope Factor. A plausible upper-bound estimate of the probability of a response per
unit intake of a chemical over a lifetime. The slope factor 1s used to estimate an
upper-bound probability of an individual developing cancer as a result of a
hfetime of exposure to a particular level of a potential carcinogen.

hronic Daily Intak DI). Exposure expressed as mass of a substance
contacted per unit body weight per unit time, averaged over a portion of a
hifetime (2 weeks to 7 years).
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‘ DEFINITIONS (Cont.)

Subchronic Reference Dose (RfDg). An estimate (with uncertainty spanning

perhaps an order of magnitude or greater) of a dally exposure level for
the human population, including sensitive subpopulations, that is likely to
be without an appreciable risk of deleterious effects during a portion of a
lifetime (as a Superfund program guideline, two weeks to seven years).

Toxicity Value. A numerical expression of a substance's dose-response
relationship that 1s used in risk assessments. The most common toxicity
values used in Superfund program nsk assessments are reference doses
(for noncarcinogenic effects) and slope factors (for carcinogenic effects).

ei -Eviden Clagsifi . An EPA classification system for

charactenzing the extent to which the available data indicate that an
agent is a human carcinogen. Recently, EPA has developed weight-of-
evidence classification systems for some other kinds of toxic effects,
such as developmental effects.
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1.0 INTRODUCTION

This report prasents the results of a Risk Evaluation (RE) of areas impacted by the
occurrence of dense, non-aqueous phase liquid (DNAPL) at the French Limited site,
Crosby, Texas. The RE follows the work plan (AHA, 1993a) approved by EPA in
September, 1993. The report also incorporates EPA and CHoM Hill review
comments to a draft report submitted to EPA in December, 1993. The RE forms an
integral part of an overall DNAPL investigation at the French Limited site. This
included a field study of the nature and extent of DNAPL occurrence (AHA, 1993b)
and the performance of a Feasibility Study (FS) of remedial options (AHA, 1994).

1.1 Regulatory Basis

The Comprehensive Environmental Response, Compensation, and Liability Act of
1980 (CERCLA or "Superfund”) established a national program for responding to
releases of hazardous substances into the environment!. The National Oil and
Hazardous Substances Pollution Contingency Plan (NCP) 1s the regulation that
implements CERCLA2, The NCP establishes the overall approach for determining
appropnate remedial actions at Superfund sites. The overarching mandate of the
program is to protect human health and the environment from current and potential
threats posed by uncontrolled hazardous substance releases. The NCP reiterates
that the purpose of the remedial process is to implement remedies that reduce,
control, or eliminate nisks to human health and the environment. The 1986
amendments to CERCLA3 re-emphasized the original statutory mandate that
remedies meet a threshold requirement to protect human health and the
environment and that they be cost-effective, while adding new emphasis to the
permanence of remedies.

To help meet this mandate, EPA's Office of Emergency and Remedial Response
developed a human health and environmental evaluation process as part of its
remedial response program. The process of gathering and assessing human health
and environmental risk information 1s adapted from well-established chemical risk
assessment principles and procedures (NAS 1983; CRS 1983; OSTP 1985). This
Risk Evaluation is performed in accordance with an approved work plan (AHA,
1993a) that was developed to be consistent with EPA's most recent published risk
evaluation guidelines (EPA 1988c; EPA 1989c; EPA 1990, EPA 1991a-c; EPA
1992a-c) and other Agency-wide nsk evaluation policy. The Human Health
Evaluation Manual (EPA 1989c and EPA 1991a-c) and the Environmental Evaluation
Manual (EPA 1989e) were the major guidance documents for this work.

1 References made to CERCLA throughout this document should be interpreted as meaning "CERCLA,
as amended by the Superfund Amendments and Reauthonzation Act of 1986 (SARA)"
2 40CFR Part 300 Proposed Rewvisions to the NCP were published on December 21, 1988

(53 Federal Register 51394)
Superfund Amendments and Reauthonzation Act or SARA
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1.2 Objectives

The objective of this Risk Evaluation i1s to provide the risk information necessary to
assist decision-making for remediation of DNAPL-impacted areas of the French
Limited site. Specific objectives of the process are to:

e provide an analysis of baseline risks* and help determine the need for action
at the DNAPL-impacted areas of the French Limited site;

e provide a basis for determining levels of chemicals that can remain on-site
and still be adequately protective of public health;

e provide a basis for comparing potential health impacts of various remedial
alternatives;

o provide a consistent process for evaluating and documenting public health
threats from the DNAPL-impacted areas of the French Limited site.

1.3 Overview of Risk Evaluation Process

The nsk evaluation (RE) for DNAPL-impacted areas of the French Limited site
follows the four basic steps of the process specified in the work plan {(Figure 1 1):

1. data collection and analysis;
2. exposure assessment;

3. toxicity assessment;

4. nsk characterization.

These steps are briefly described in the following sections.

1.3.1 Data Collection and Evaluation

Data collection and evaluation involves gathering and analyzing the site data
relevant to the human health evaluation and identifying the substances present at
the site that are the focus of the risk evaluation process. The information specific
to DNAPL characteristics and occurrence Is summarized in the DNAPL Study Field
Data Report (AHA, 1993b). The site hydrogeologic characteristics are described in
this report as well as in earlier documents (REl, 1986; AHA, 1986 and 1989).

4 Baseline nsks are nsks that might exist if no remediation or institutional controls were applied at the site
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FIGURE 1-1

RISK EVALUATION PROCESS

o Gather and analyze relavant
site data

o ldentify potential chemicals
of concern

o Collect qualtative and

. 0 Analyze contaminant releases quantitative toxicity information
o ldentify exposed populations
o ldentify potential exposure o Determine Appropriate
pathways toxicity values

o Estimate exposure concentrations
for pathways

o Estimate contaminant intakes
for pathways

o Characterize potential for adverse health
effects to occur

--Estimate cancer nsks
—_D' --Estimate noncancer hazard quotients Q———
o Evaluate uncertainty

o0 Summarize nisk information
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1.3.2 Exposure Assessment

The exposure assessment is conducted to estimate the magnitude of actual and/or
potential human exposures, the frequency and duration of these exposures, and the
pathways by which humans are potentially exposed. The results of the exposure
assessment are pathway-specific intakes for reasonable maximum estimates of
current and future exposures to individual substances.

Current exposure estimates are used to determine whether a threat exists based on
existing exposure conditions. For the French Limited site, this analysis includes
consideration of the existing groundwater and subsoill remedial system opeiation.
This system consists of a subsurface sheetpile containment wall surrounding the
former disposal lagoon, and a network of pumping and injection wells. The wells
are operated to control contaminated groundwater migration, and remove
contaminants from the subsurface by a combination of groundwater flushing and
the promotion of in-situ bioremediation.

Future exposure estimates are used to provide an understanding of potential future
exposures and threats including a qualitative estimate of the likelihood of such
exposures occurring. For this Risk Evaluation the future exposure scenarios
consider the situation that will exist when the current groundwater and subsoil
remedial system is no longer operational and the lagoon has been backfilled and
closed. The existing subsurface portion of the sheetpile containment wall
surrounding the former disposal lagoon 1s assumed to remain in place. This future
condition assumes that the DNAPL impacted areas will still exist and that no
additional measures for containment or control of these areas are in place. In
conformance with EPA guidelines for Baseline Risk Evaluations (EPA, 1989c), future
exposure scenarios also assume that no institutional controls or deed restrictions
will be iImposed on areas adjacent to the site, even though such controls are being
considered.

Conducting an exposure assessment involves:
¢ analyzing contaminant releases;
o dentifying exposed populations;
¢ identifying significant potential pathways of exposure;

e e@stimating exposure point concentrations for identified pathways, based on
environmental monitoring data and predictive chemical modeling results;

¢ estimating contaminant intakes for identified pathways.
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1.3.3 Toxicity Assessment

The purpose of the toxicity assessment is to weigh available evidence regarding the
potential for particular chemicals to cause adverse effects in exposed individuals or
the environment and, to provide, where possible, an estimate of the relationship
between the extent of exposure to a chemical and the increased likelihood and/or
severnty of adverse effects. EPA has performed the toxicity assessment step for
numerous chemicals and has made available the resulting toxicity information and
toxicity values, which have undergone extensive peer review. The latest
information on Toxicity Assessments of specific chemicals i1s accessible through a
computerized database known as the Integrated Risk Information System (IRIS)
(EPA, 1988a). The risk evaluation for the DNAPL-impacted areas of French Limited
site rehed exclusively on existing toxicity information, developed on specific
chemicals, that is accepted by the EPA.

The toxicity assessment component of the risk evaluation considers:
« the types of adverse health effects associated with chemical exposures;
e the relationship between magnitude of exposure and adverse effacts,

e related uncertainties such as the weight of evidence of a particular
chemicals’ carcinogenicity in humans

1.3.4 Risk Characterization

The nsk characterization summarizes and combines outputs of the exposure and
toxicity assessment to characterize nsk, both in quantitative expressions and
qualtative statements. Durning nsk charactenization, chemical-specific toxicity
information 1S compared against both measured contaminant exposure levels and
those levels predicted through fate and transport modeling to determine whether

current or future levels at or near the site are of potential concern.
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2.0 SITE CHARACTERIZATION

This section of the report describes the characteristics of the French Limited site
particularly with respect to potential exposure of nearby populations to chemicals
associated with DNAPL-impacted areas of the site. This information is then used as
the setting for the exposure assessment discussed in Chapter 3 of this report.
Basic site characteristics such as chmate, vegetation, groundwater and surface
water hydrology, are identified. Populations are also identified and are described
with respect to characteristics that influence exposure, such as location relative to
the site, activity patterns, and presence of sensitive subpopulations
Characteristics of any potential future populations that may differ under an alternate
land use, are also described.

2.1 Location and Topographic Setting

The French Limited site 1s a former sand pit (now referred to as the French Limited
Lagoon) located within the alluvial plain of the San Jacinto River near Crosby,
Texas, approximately 20 miles northeast of Houston (Figure 2-1). Currently, the
highest ground surface elevations at the site are less than 18 feet above mean sea
level. Based upon the 1963 U.S. Geological Survey (U.S.G.S.) elevation survey, the
U.S. Army Corps of Engineers defined the 100-year floodplain in the wvicinity of the
site as land elevation below 28 feet above mean sea level. Local elevation change
between 1963 and 1993 due to land subsidence i1s estimated to be less than
2 feet. The net subsidence measured at benchmark D690, approximately 4000
feet west of the site, was 1.23 feet between 1963 and 1983 (REIl, 1986).

2.2 Vegetation

The land in the immediate vicinity of the site in the San Jacinto River floodplain is
largely undeveloped and 1s vegetated with shrubs and mature trees. There are
several abandoned sand pits in the vicinity of the site that now exist as fresh water
ponds. The area surrounding the site, to the west, north, east, and southeast, has
predominantly forest canopy and swamp vegetation. Trees include loblolly pine,
slash pine, water oak, willow oak, elm, green ash, cottonwood, sweetgum, and, in
the wetter areas, bald cypress. Sesban, a leguminous shrub, 1Is common to wet
disturbed areas of the site.

Immediately to the east of the Riverdale subdivision 1s the Old Harns County
Landfill. Much of the landfill is covered by grasses and shrubs Some swampy
areas surrounding the site and portions of the landfill have been backfilled with
roadbed matenal to provide access to groundwater remediation wells associated
with the site. These high traffic areas remain largely unvegetated.
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2.3 Soil Types

Soils in the Houston area and much of the Southeast Texas Coastal Plain are
dominated by vertisols. These soils are derived from clay-textured parent material
and, characteristically, swell when wet and shrink and crack when dry. Organic
carbon content (1.0% to 1.5%) and pH (5 to 7), tend to be relatively uniform over
the soil profile due to natural mixing that occurs as a result of repeated swelling and
shrinking.

In the vicinity of the French Limited site, soils within the San Jacinto floodplain are
less uniform due to the variability of the texture of the parent matenal and period of
soil development. The less developed of these soils, which were derived from
sandy parent material, are classified as entisols and do not have the shrink-swell
characteristics of vertisols. Organic carbon content of these soils I1s usually highest
at the surface (1.0% to 1.5%) and decreases with depth (0O to 1.5%). The pH s
typically neutral to slightly acidic (5 to 7) from within a few inches from the surface
to the depth of the profile, and slightly acidic to acidic (3 to 5) close to the surface.

2.4 Geologic Setting
2.4.1 Regional Geology

The French Limited site is in the Gulf of Mexico Coastal Plain Physiographic
Province. The land is gently rolling to flat, and is underlain by a gulfward-thickening
wedge of unconsolidated to semiconsolidated, sedimentary rocks of Cenozoic age.
Sediments consist primanly of sand, silt and clay derived by erosion from nearby
upland areas. These sediments dip shightly toward the Gulf and are in excess of
30,000 feet thick in the Southeast Texas portion of the Gulf Coast Plain.

The Houston area is located In a Seismic Zone 0 according to the Uniform Building
Code. The primary geologic hazards in the area are subsidence caused by deep
groundwater withdrawal and related ground faulting. Maximum subsidence in the
Houston area has exceeded 8 feet over the last 75 years or so. Ground faults In
the Houston area are generally inclined 60 to 70 degrees from the horizontal,
extend for thousands of feet, and are roughly parallel to the coast. Based upon a
review of available data sources, no known faults pass through the site area.

2.4.2 Local Geology

Shallow alluvial deposits, consisting of sands, silts and clays, extend to a depth of
about 55 feet in the vicinity of the site. These shallow alluvial sediments were
deposited by the San Jacinto River within an incised channel in the Late Pleistocene
Lower Beaumont Formation. The Upper Alluvial Zone 1s subdivided into four
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hydrogeologic units, designated UNC, S1, C1 and INT, that may be correlated
across the site (AHA, 1989). In the vicinity of the site, the Beaumont Formation
consists pnmanly of clay with discontinuous silt and sand lenses and functions as
an aquitard between the shallow alluvial zone and the underlying regional Chicot
Aquifer (AHA, 1986). The descriptions of the alluvial urits and the underlying
Pleistocene and older formations are summanzed in Table 2-1.

2.5 Hydrogeologic Setting

Lateral groundwater flow in the Upper Alluvial Zone occurs primarily in the relatively
more permeable S1 and INT units (Table 2-1). The S1 is a relatively well-sorted,
medium to coarse grained, unconsohdated sand with little clay. It has an average
thickness of about 20 feet and a permeability ranging from 1073 to 1072 cm/sec.
Waell yields in the S1 unit range from 2 to 15 gallons per minute (gpm). The INT 1s
an interbedded silt and fine sand unit with thin clay zones. It has an average
thickness of about 20 feet and an average permeability ranging from 104 to 103
cm/sec. Waell yields in the INT unit range from 0.25 to 3 gpm.

Natural groundwater flow direction in the wvicinity of the site is generally to the
south, but is influenced locally by interaction with ponds and sloughs. Ponds tend
to act as groundwater recharge sources following heavy rainfall events, and as
groundwater discharge areas at other times. Prior to remedial activities, the French
Limited lagoon acted as a recharge source because dikes built around the lagoon
allowed the water level to rise a few feet above the surrounding land surface.

Groundwater within the UNC and S1 units exists predominantly under water table
conditions (unconfined). Saturated groundwater conditions are typically
encountered within 2 to 3 feet of natural ground surface, within the UNC unit. The
unsaturated zone in the vicinity of the site is very thin and occurs entirely within the
relatively low-permeability UNC unit. Potential vapor-phase contaminant migration
in the unsaturated zone 1s therefore considered to be insignificant.

There 1s a slight natural downward component of groundwater flow 1n the site area.
The laterally discontinuous C1 unit acts as an aquitard between the S1 and INT
units, creating primanly confined conditions in the INT unit. Hydraulic
communication between the S1 and INT units, and resulting contaminant migration
patterns, is strongly influenced by the thickness of the intervening C1 clay which
varies from O to about 8 feet across the site.

Previous Remedial Investigations (LAN, 1985: REl, 1986) and Hydrogeologic
Characterization studies (AHA, 1986 and 1989) conducted at the French Limited
site concluded that the groundwater flow system of the shallow alluvial sediments
1s essentially hydraulically separated from the Chicot Aquifer by the low
permeability Beaumont Formation.
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TABLE 2-1

Description of Geologic Units at the French Limited Site

Shallow Alluvial Zone

Description

Silty and clayey, medium to fine sand
mixed with vanable amounts of natural
organic matter. Unit represents overbank
flood deposits and reworked S1 sand

Clean medium to coarse sand with minor
amounts of fine gravel. Unit represents
primary fluvial channel deposits.

Laterally discontinuous clay with minor
thin sit and fine sand layers Where
present, it functions as an aquitard
between the S1 and INT units Unit
represents overbank flood deposits and/or
oxbow lake deposits

Unit Approximate
Depth (ft)
UNC Oto 10
S1 10 to 30
C1 30 to 35
INT 35 to 55

Interbedded fine sand and clayey silt
Unit represents overbank flood deposits

Pleistocene and older Formations.

Unit Approximate Description
Depth (ft)
Dominantly clay deposit with minor thin
Beaumont 55 to 200 silt and fine sand layers. In the site area
Formation a 10 foot sand layer, the S2 Unit, occurs
(C2) at a depth of 125 feet. Unit represents a
fluvial-deltaic environment.
Chicot and A sequence of fluvial-deltaic sands, silts
Evangeline 200 to 2400 and clays. The prnimary water supply for
aquifers Houston.
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2.6 Nature and Extent of Subsurface Contamination

The French Limited lagoon was excavated to approximately the base of the S1 unit.
Liquid chemical wastes, that were deposited primarily at the eastern and western
extremities of the lagoon, form the pnmary source of subsurface contamination at
the site. Disposal of chemicals resulted in the formation of a chemical-nch sludge
on the bottom of the lagoon. Major contaminants in the lagoon sludges include
polychlorinated biphenols (PCBs), chlorinated and non-chionnated solvents and
volatile organics, and polynuclear hydrocarbons (PAHs). Dense, non-aqueous phase
liquids (DNAPLSs), containing a significant component of chlorinated solvents, also
migrated into the underlying subsoils. Subsequent solubilization of organic hquids
and leaching of lagoon sludges and contaminated subsoils resulted in dissolved
phase groundwater contamination (AHA, 1993b). The major contaminants and
maximum concentrations found in the various media at the French Limited site,
outside the sheetpile containment wall surrounding the former disposal lagoon, are
summarized in Table 2-2. Additional DNAPL samples were obtained and submitted
for analyses after the release of the DNAPL Study Field Data Report (AHA, 1993Db).
These analytical results are included as Appendix C of this report. Table 2-2
reflacts the most recent DNAPL analytical results.

The nature and extent of identified DNAPL-impacted areas at the French Limited
site were defined in the DNAPL Study Field Data Report (AHA, 1993b). The three
identified DNAPL areas, termed the $S1-16, S1-13 and INT-11 Areas, are shown in
Figure 2-2. Groundwater monitoring data, collected over the course of remedial
system operation, suggest a fourth potential DNAPL source area, termed the INT-
West Area, located on the western extremity of the lagoon (Figure 2-2). These four
potential source areas for continued groundwater contamination are the focus of
this Risk Evaluation. The maximum constituent concentrations detected in
groundwater in these four areas are summarized in Table 2-3. Migration and
distribution of contaminated groundwater is primanly influenced by source area
conditions, groundwater flow paths and aquifer characteristics.

The Field Data Report (AHA, 1993b), documents that DNAPL migration is
influenced by the existence, thickness and configuration of the C1 clay underlying
the lagoon. In areas where a sufficient thickness (> 2 feet) of low permeability C1
clay occurs below the base of the lagoon, vertical DNAPL migration 1s restricted and
accumulation on top of the C1 clay tends to occur. This has been confirmed in the
S$1-16 and S1-13 areas of the site (Figure 2-2). Areas of DNAPL occurrence and/or
associated high dissolved contaminant concentrations in the INT unit tend to occur
downgradient from areas of thin (<2 feet) C1 clay or where the onginal sand pit
excavation penetrated through the C1 umt. This has been confirmed in the INT-11
and INT-West areas of the site (Figure 2-2).
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TABLE 2-2
Maximum Concentration of Chemical Constituents Detected in Subsurface Media
Chemical Compound Synonym CAS # DNAPL SOIL Groundwater French Ltd.
Maximum Maximum Maximum Cleanup
Concentration | Concentration | Concentration Criteria {1)
(mg/kg) (mg/kg) (ug/L) {ugl)

VOLATILES

chloromethane methyl chloride 74-87-3 ND ND 12 —~—

wvinyl chlonde chiorosthene 75-01-4 ND 22 16,000 2
chloroethane ethyi chlonde 75-00-3 2,300 110 15,000 10
methylene chlonde dichloromethane 75-09-2 1,600 81 43,581 5
acetone methyl ketone 67-64-1 ND 9.2 110,000 3,500
1,1-dichloroethene (1,1-DCE) 75-35-4 2,300 330 1,800 7
1.1-dichioroethane {1,1-DCA) 75-34-3 5,000 190 33,000 3500
total 1,2-dichloroethene (2) 540-59-0 80,000 3,300 250,000 100
chloroform tnchloromethane 87-66-3 220,000 22,000 850,000 100
1,2-dichlorosthane {1,2-DCA) 107-06-2 140,000 18,000 860,000 5
2-butanone methyl ethyl ketone 78-93-3 23 ND 4,400 1,700
carbon tetrachlonde 58-23-5 190,000 18,000 110,000 5
vinyl acetate 108-054 150 ND 1,500 35,000
tnchloroethene 79-01-8 26,000 8,200 18,957 5
1,1,2-tnchloroethane (1,1,2-TCA) 79-00-5 ND ND 556 5
benzene 71-43-2 8§30 42 3,800 3
4-methyl-2-pentanone methy! 1sobutyl ketone 108-10-1 27 ND 2,100 1,700
tetrachloroethene perchloroethene (PCE) 127-18-4 57,000 8,300 20,146 5
1.1,2,2-tetrachloroethane 79-34-5 19 45 874 2
toluene 108-88-3 780 70 1,200 1,000
ethylbenzene 100-41-4 710 67 690 700
xylene 1330-20-7 8,800 170 1,533 10,000

ND = Not Detected NA = Not Analyzed

(1
(2)

Reference French Limited Site Remediation Quality Assurance Projact Plan, December, 1993 Cnteria given for total 1,2-DCE 18 actually for trans-1,2-DCE.
Pnor to 12/92, groundwater was analyzed for trans-1,2-dichloroethene In this table, total 1,2-DCE (i e , sum of cis and trans isomers) i1s assumed equal to trans-1,2-DCE
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TABLE 2-2 (Cont.)
Maximum Concentration of Chemical Constituents Detected in Subsurface Media
Chemical Compound Synonym CAS # DNAPL SOIL Groundwater French Ltd.
Maximum Maximum Maximum Cleanup
Concentration { Concentration { Concentration Criteria (1)
{mg/kg) {mg/kg) {ug/L) {ugl)
SEMI-VOLATILES
phenol 108-95-2 ND 0.20 1,200 21,000
2-methyiphenol 2-cresol 95-48-7 ND ND 8 —
4-methyiphenol 4-cresol 106-44-5 ND ND 17 —
hexachloroethane 67-72-1 33,000 4,900 140 —_—
2,4-dimethyiphenol 105-67-9 ND 180 ND ——
1,2,4-tnchlorobenzene 120-82-1 940 260 7 —
naphthalene 91-20-3 5,100 870 200 140
hexachlorobutadiene 87-68-3 230,000 41,000 ND —
2-methyinaphthalene 91-57-6 1,600 320 14 10
acenaphthylene 208-96-8 170 18 ND 140
acenaphthene 83-32-9 2,000 250 18 2,100
dibenzofuran 132-64-9 1,200 250 9 350
fluorene 86-73-7 1,900 160 13 —
hexachlorobenzene 118-74-1 3,700 310 ND —
phenanthrene 85-01-8 3,300 360 " —
anthracene 120-12-7 250 80 ND —
fluoranthene 206-44-0 880 200 1 ——
pyrene 129-00-0 910 280 ND —
benzo(A)anthracene 56-55-3 170 46 ND —
bis(2-ethylhexyl)phthalate 117-81-7 ND 45 48 25
chrysene 218-01-9 160 n ND —
benzo(B)fluoranthene 205-99-2 76 20 ND
benzo(A)pyrene 50-32-8 ND 8 NO
indeno(1,2,3-CD)pyrene 193-39-5 ND 044 ND —
dibenzo{A,H)anthracene 53-70-3 ND 025 ND —
benzo{GHl)perylens 191-24-2 ND 3 ND
ND = Not Detected NA = Not Analyzed
M = Reference French Limited Site Remediation Quality Assurance Project Plan, December, 1993
AHA File Name RE-CH2 DOC 2-8 April, 1984
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TABLE 2-2 (Cont.)

Maximum Concentration of Chemical Constituents Detected in Subsurface Media

Chemical Compound Synonym CAS # DNAPL SOIL Groundwater French Ltd.
Maximum Maximum Maximum Cleanup
Concentration | Concentration | Concentration Criteria (1)
{mg/kg) (mg/kg) {uglL) (ug/L)
PESTICIDES
alpha-BHC alphe-hexachlorocyclohexane 319-84-8 NA NA 20 —
beta BHC beta-hexachlorocyclohexane 319-85-7 NA NA 7 _—
delta BHC delta-hexachlorocyclohexane 319-86-8 NA NA 17 —
gamma-BHC Lindane gamma-hexachlorocyclohexane 58-89-9 NA NA 17 ——
aldnn 309-00-2 NA NA 03 _—
4,4 DDE DDE 72-55-9 NA NA 3 ——
endnn 72-20-8 NA NA 5 —
endnn aldehyde 7421-93-4 NA NA 29 —
heptachlor 76-44-8 NA NA 01 ——
PCBs
PCB-1016 AROCLOR-1018 12674-11-2 ND NA ND —
PCB-1221 AROCLOR-1221 11104-28-2 ND NA ND —
PCB-1232 AROCLOR-1232 11141-16-5 ND NA ND —
PCB-1242 AROCLOR-1242 53469-21-9 ND NA ND —
PCB-1248 AROCLOR-1248 12672-29-6 ND NA ND ———
PCB-1254 AROCLOR-1254 11097-69-1 ND NA ND a——e-
PCB-1280 AROCLOR-1260 11096-82-5 ND NA ND o
METALS
arsenic 7440-38-2 NA NA 103 50
chromium 7440-47-3 NA NA 434 100
copper 7440-50-8 NA NA 40 1,300
2nec 7440-66-6 NA NA 114 10,000
ND = Not Detected NA = Not Analyzed
(4} = Reference Franch Limited Site Remediation Quality Assurance Project Plan, Dacember, 1993
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TABLE 2-3
Maximum Groundwater Concentration of Chemical Constituents
Detected in INT-Waest, INT-11, S1-16, and $1-13 Areas (5)
Chemical INT-WEST INT-11 81-16 61-13 French Ltd.
Compound Groundwater Groundwater Groundwater Groundwater Cleanup
Maximum Maximum Maximum Maximum Criteria (6)
Concsntration Concentration Concentration Concentration {ught}
fuglL) (uglL) (ugiL) (ught)
{1} {2) {3) (4)

VOLATILES

chloromethane ND 12 ND ND eoese

vinyl chlonde 16,000 6,000 1,400 7,278 2
chloroethane 270 16,000 86 2,668 10
mathylens chioride 640 30,000 1,100 43,681 [
acetone 110,000 81,000 33,443 76,038 3,600
1,1-dichloroethene (1,1-DCE) 160 1,800 62 1,137 7
1.1-dichlorosthane (1,1-DCA) 3,300 33,000 074 6,658 3,500
total 1,2-dichlorosthene (7) 6,200 250,000 2,000 63,613 100
chloroform 250 850,000 3,700 131,131 100
1,2-dchiorethane (1,2-DCA) 8,700 860,000 6,600 20,000 6
2-butanone 4,400 580 1,700 ND 1,700
carbon tetrachionde 68 110,000 10 2 3
vinyl acetate 1,600 180 ND ND 35,000
tnchloroethens 680 6,600 12 18,857 13
1.1,2-trichlorosthane (1.1,2-TCA) 660 6 ND 656 6
benzene 3,600 1.200 3,800 1,300 6
4-methyl-2-pentanone 2,100 ND ND ND 1,700
tetrachloroethene 77 20,146 ND 9,474 1]
1.1.2,2-tetrachlorosthane ND 138 ND 674 2
toluene 1,200 202 730 364 1,000
ethylbenzene 690 247 430 119 700
xylene 1,633 535 290 269 10,000

ND = Not Detected

NA = Not Analyzed

{1)  INT-West Area includes Well Nos REI-10-3, REF10-2, INT 72, INT-73, INT-74, INT-75, INT-87, INT-101, INT-112, and INT-113

{2)  INT-11 Area includes Well Nos INT-11, INT-71, INT-114, INT-120, INT-121, INT-122, INT-123, INT-124, INT-126, INT-126, INT-127, INT-128, INT-202, and INT-203

(3) $1-16 Area includes Well Nos S1-105, $1-127, $1-128, $1-128, $1-130, §1-131, $1-132, §1-133, and §1-134

{4)  S1-13 Area includes Well Nos $1-104, §1-120, $1-121, §1-122, and §1-123

(5) Maximum groundwater concentrations reported for areas outside the lagoon floodwall only
{(6) Reference French Limited Site Remediation Qualty Assurance Project Plan, December, 1993 Critena given far total 1,2-DCE Is actually for trans-1,2-DCE
{7 Prior to 12/92, groundwater was analyzed for trens-1, 2-dichioroethene

In this table, total 1,2-DCE (i e , sum of cis and trans isomers) is assumed equal to trans-1,2-DCE
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French Ltd. Project
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TABLE 2-3 (Cont.)
Maximum Groundwater Concentration of Chemical Constituents
Detected in INT-West, INT-11, S$1-16, and $1-13 Areas (5)
Chemical INT-WEST INT-11 81-18 8113 French Ltd
Compound Groundwater Groundwater Groundwater Groundwater Cleanup
Maximum Maximum Maximum Maximum Criteria (6)
Concentration Concentration Concentration Cone. {ught)
(ught) {ugL) {ughL) (ugiL)
{1) (2) {3} {4)

SEMI-VOLATILES

phenol 1,200 30 380 2 21,000
2-methyliphenol ND 8 ND ND ——
4-methylphenol ND 17 ND ND —
hexachloroethane ND 140 ND ND —
2,4-dimethylphenol ND ND ND ND —
1.2,4-tnchlorobenzene ND 7 ND ND ——
naphthalene 200 110 13 16 140
hexachiorobutadiene ND ND ND ND —
2-methyinaphthalene 3 14 ND ND 10
acenaphthylene ND ND ND ND 140
acenaphthene ND 18 ND 2 2,100
dibenzofuran ND 9 ND ND 360
fluorene ND 13 ND ND ~——-
hexachlorobenzene ND ND ND ND o~
phenanthrene ND 11 ND ND ——
anthracene ND ND ND ND ~——e
fluoranthene ND 1 ND ND ~—

pyrene ND ND ND ND —
benzo{A)anthracene ND ND ND ND o~
bis{2-ethylhexyl)phthalate 12 48 25 7 26
chrysene ND ND ND ND —
benzo(Blfluoranthane ND ND ND ND —
benzo(Alpyrene ND ND ND ND ———
indeno(1,2,3-CD}pyrene ND ND ND ND —
dibenzo{A,H)anthracene ND ND ND ND —~—
benzo{GHI)perylene ND ND_ ND ND —

ND = Not Detected

NA = Not Analyzed
(1)  INT-Waest Area includes Well Nos REI10-3, REF10-2, INT-72, INT-73, INT-74, INT-75, INT-97, INT-101, INT-112, and INT-113

{2) INT-11 Area includes Well Nas INT-11, INT-71, INT-114, INT-120, INT-121, INT-122, INT-123, INT-124, INT-125, INT-126, INT-127, iNT-128, INT-202, and INT-203
(3) S1-18 Area includes Well Nos S1-105, S1-127, S$1-128, $1-129, $1-130, $1-131, $1-132, $1-133, and §1-134

(4) S1-13 Area includes Well Nos S1-104, $1-120, $1-121, §1-122, and $1-123

{5) Maximum groundwater concentrations reported for areas outside the lagoon floadwall only
(6)  Reference French Limited Site Remediation Quality Assurance Project Plan, December, 1993
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TABLE 2-3 (Cont.)
Maximum Groundwater Concentration of Chemical Constituents
Detected in INT-West, INT-11, S1-16, and $S1-13 Areas (5)
Chemical INT-WEST INT-11 81-16 §1-13 French Ltd.
Compound Groundwater Groundwater Groundwater Groundwater Cleanup
Meaximum Maximum Maximum Maximum Critera (6)
Concentration Concentration Concentration Conc. (ug/L)
(uglL) tugh) tugh) fugh.) ug
{1} {2) {3) {4)

PESTICIDES ;

alpha-BHC 003 20 ND [ ——

beta BHC ND ND ND 7 —

delta BHC ND 17 ND 4 ——
gamma-BHC ND 17 ND 8 ———

aldrin 003 ND ND ND —

4,4-DDE ND 3 ND ND ———

endnn ND 6 ND ND —

endnn alidehyde NO 29 ND ND —
heptachior ND ND ND_ 01 -

PCBs -

PCB-1016 ND ND ND ND —
pcB-1221 ND ND ND ND —
PCB-1232 ND ND ND ND —
PCB-1242 ND ND ND ND ——
PCB-1248 ND ND ND ND e
PCB-1254 ND ND ND ND —
PCB-1260 ND ND ND ND e

METALS

arsenic 103 ND 10 403 50
chromium ND ND 434 ND 100
copper ND ND 40 ND 1,300
ZINC 27 6 22 114 21 9 10,000

ND = Not Detected

{1}  INT-West Area includes Well Nos REI-10-3, REF10-2, INT-72, INT-73, INT-74, INT-765, INT-97, INT-101, INT-112, and INT-113

NA = Not Analyzed

{2)  INT-11 Area includes Well Nos INT-11, INT-71, INT-114, INT-120, INT-121, INT-122, INT-123, INT-124, INT-125, INT-126, INT-127, INT-128, INT-202, and INT-203
{3) $1-16 Area includes Well Nos S1-106, $1-127, $1-128, $1-129, S1-130, §1-131, $1-132, §1-133, and $1-134

4} 51 13 Area includes Wali Nos $1-104, $1-120, $1-121, $1-122, and $1-123

{S) um g dwater concentrations reported for areas outside the lagaon floodwall only
(6) Rohmnce French Limited Site Remediation Quality Assurance F Project Plan, December, 1993
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Detailed field investigations (AHA, 1993b) confirm that the C2 clay unit, due to its
fine-grained nature and low permeability, restricts the downward migration of
DNAPLs and groundwater containing dissolved contaminants. Consequently,
contamination associated with the French Limited site is restricted to the Upper
Alluvial Zone.

The ability of the C2 Clay to restrict vertical DNAPL movement 1s supported by the
observation of DNAPL on top of the C2 clay in the INT-11 area of the site, but no
indication of DNAPL penetration of the C2 clay (AHA, 1993b). Monitoring of the
S2 sand confirms that no detectable groundwater contamination occurs in this first
transmissive unit underlying the Upper Alluvial Zone. The low permeability of the
C2 is also indicated by a dramatic drop in potentiometric head through this zone and
by its hydraulic response to a long term pumping test in the S2 unit (AHA, 1986).

The S1 and INT units are the major transmissive units within the Upper Alluwvial
Zone and are the focus of groundwater and subsoil remediation efforts at the site.
The hydrogeologic and contaminant transport charactenstics of the two units are
different. Accordingly, the French Limited groundwater and subsoill remedal
system includes separate networks of production and injection wells in the two
units, so that they can be remediated separately.

The S1 Unit has relatively little clay and organic matter and, consequently, does not
have a high adsorption capacity for organic constituents. Dissolved organics in the
S1 Unit migrate with relatively little retardation due to imited partitioning onto the
aquifer matnx. Contaminated groundwater in the S1 Umit had migrated
approximately 500 feet to the south of the lagoon prior to the start of remedial
activities in January 1992. Remediation efforts have been successful in
significantly reducing dissolved groundwater concentrations in the S1 Unit.
Groundwater monitoring data indicated that by November, 1993, groundwater
clean-up cniteria in the S1 unit, for compounds other than benzene, had been met in
all areas south of Guif Pump Road and most of the area between Gulf Pump Road
and the floodwall.

The fine-grained and relatively low permeability of the INT Unit results in a relatively
slow rate of groundwater and dissolved contamination migration. The high
percentage of clay and more abundant organic matter results in a strong potential
for partitioning of organics from the dissolved phase to the adsorbed phase. In
addition, because of the finely interbedded nature of the unit, diffusion from zones
of higher permeability to finer-grained interbeds is likely to occur. Both processes
have the effect of retarding the migration of dissolved contaminants In
groundwater. The same processes also complicate the remediation of the INT Unit
because slow desorption and diffusion of contaminants from the soil back into the
groundwater will reduce the abiity to remove contammnants by flushing. As a result
of the INT characteristics, remedial progress in the INT unit has been slower than
that in the S1 unit.
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In-situ bioremediation was included in the remedial system in order to enhance the
contaminant removal efficiency in both the S1 and INT units, by stimulating
degradation of absorbed-phase organics.

2.7 Surface Water Hydrology

The surface water hydrology of the site is dominated by the presence of a shallow
water table, abundant rainfall, surface topography of the San Jacinto River
floodplain, and the periodic flooding of the nver. The entire site falls within the
100-year floodplain of the San Jacinto River. Many of the shallow surface water
bodies that surround the site arose from the inflow of groundwater and surface
water into abandoned sand quarnes. The distribution of these shallow surface
water bodies in the vicinity of the site i1s illustrated in Figure 2-1. In addition,
intermittent surface water bodies occur in the low-lying ditches and surface
depressions during heavy precipitation or flooding events.

Annual rainfall at the site averages approximately 52 inches with the greatest
seasonal rainfall occurring during the late spring to early summer and early fall.
Annual evaporation averages approximately 50 inches and is typically greatest
duning the summer and least during December, January, and February (LAN, 1985)

Surface water flow between the ponds, sloughs, and swamps is limited to the
periodic flooding of the San Jacinto River and runoff during heavy precipitation
events. During these events, overland flow occurs, generally, in a clockwise
direction around the site from the northwest to the southwest. This local flow
pattern 1s controlled by the topography of the San Jacinto River floodplain and
generally follows the path of the old nver meander (LAN, 1985).

2.8 Potentially Exposed Populations
2.8.1 Location of Current Populations Relative to the Site

The French Limited site is approximately one mile south of Crosby, Texas and one-
half mile west of Barrett, Texas (Figure 2-1). The combined population of the
Crosby/Barrett area is approximately 6,000 based on the 1990 census.

Currently, there are no residents living on the French Limited site. The population
with the greatest potential for exposure to contaminants are people working at the
site. The closest residential properties are in the Riverdale Subdivision,
approximately 500 feet southwest of the French Lagoon. These properties consist
of single-family homes on one-acre lots. Many of the Riverdale Subdivision
properties have shallow domestic wells completed in the Upper Alluvial sediments.
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Municipal water supply wells for the towns of Crosby and Barrett do exist within a
1-mile radius of the site, but these wells are completed in the Chicot Aquifer,
typically at depths in excess of 200 feet. The Chicot Aquifer 1s hydrogeologically
saparated from the shallow alluvial aquifer of the French Limited site. As a result,
public water supply consumers of Crosby and Barrett are not considered to be a
potentially exposed population through this drinking water pathway.

The water supply well used to support activities at the French Limited site 1s
located approximately 500 feet east of the site water treatment plant. The well 1s
also completed in the Chicot Aquifer at a depth of 220 feet. Routine monitoring of
this well has confirmed that no organic constituents related to the French Limited
site exist in the Chicot aquifer unit.

2.8.2 Current Land Use

Land use In the Crosby/Barrett area i1s primanly residential with the closest
residential properties in the Riverdale Subdivision. Land use in the undeveloped,
immediate vicinity of the French Limited site 1s dominantly recreational The
abandoned sand pits in the area are currently frequented by sport fisherman and the
San Jacinto River is used for boating, fishing, and water sports. Commercial
businesses are concentrated along highway FM-2100. A car dealership operates on
Gulf Pump Road approximately one half mile east of the site. Farming occurs in the
outlying areas and some sand mining operations continue to operate along the San
Jacinto River and its tributaries.

The closest industrial operation to the site 1s the Champion pulp and paper mill
approximately 2 miles west of the site on the west side of the San Jacinto River
Remedial activities are currently active at the French Limited superfund site and at
the Sikes superfund site northwest of the old Highway 90 on the east side of the
San Jacinto River.

2.8.3 Future Land Use

The site property s likely to be excluded from future development by institutional
controls and deed restrictions. Future land use of adjoining properties probably will
continue to be of a recreational nature. The ponds and sloughs surrounding the
French Limited site could be used for boating, fishing, and swimming. The higher
elevation land to the east of the site could be used for residential or commercial
development. Any new development may involve the use of groundwater as a
drinking water supply or for use in irngation. Sand mining In the area 1s also a
possible future land use.
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2.8.4 Subpopulations of Potential Concern

The potential for pathways of exposure to sensitive subpopulations exists given the
prasence of residential areas (prnimarily the Riverdale Subdivision) near the French
Limited site. Subpopulations that may be more sensitive to chemical exposures
include infants and children, elderly people, pregnant and nursing women, and
people with chronic illnesses. In the context of DNAPL-associated exposure
pathways, all of these groups are considered to have equal potential for exposure
through the direct or indirect consumption of contaminated drninking water.
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3.0 EXPOSURE ASSESSMENT

This section of the report describes the Exposure Assessment component of the
Risk Evaluation process for DNAPL-impacted areas of the French Limited site. The
objective of the exposure assessment is to estimate the type and magnitude of
exposures to the chemicals of potential concern that are present at, or migrating
from, the DNAPL-impacted areas of the site. The results of the exposure
assessment are combined with chemical-specific toxicity information (Section 4.0)
to characterize potential risks (Section 5.0). Definitions used in this section of the
report are included at the beginning of the report text.

3.1 Background

Exposure 1s defined as the contact of an organism (humans in the case of health
nsk evaluation) with a chemical or physical agent (EPA, 1988b,c). The magnitude
of exposure 1s determined by measuring or estimating the amount of an agent
availlable at the exchange boundarnes (i.e., the lungs, gut, skin) during a specified
time period. Exposure assessment is the determination or estimation (qualitative or
quantitative) of the magnitude, frequency, duration, and route of exposure The
exposure assessment conducted for this particular investigation will not consider
past exposures but will concentrate on present and future exposures.

3.2 Components of an Exposure Assessment

The general procedure for conducting an exposure assessment is illustrated in
Figure 3-1. The exposure assessment consists of three components:

1. Characterization of exposure setting
2. Identification of exposure pathways
3. Quantification of exposure

These steps in the Exposure Assessment process are briefly described in the
following sections.
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FIGURE 3-1
The Exposure Assessment Process

Step 1 Step 2

Characterize Exposure Identify Exposure
Setting Pathways
o Physical Environment o Chemical Source/
. ‘ Release
o Potentially Exposed F'__‘H
Populations o Exposure Point

o Exposure Route

Step 3

Quantify Exposure

Exposure
Concentration

Specific
Exposure

U Pathway- Juag”

intake
Variables
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3.2.1 Characterization of Exposure Setting

The first step of the exposure assessment process is to characterize the exposure
setting of the French Limited site and the nearby populations. This characterization
is described in Section 2.0 of this report. The exposure setting descrniption includes
basic site characteristics such as climate, vegetation, groundwater and surface
water hydrology. Potentially exposed populations also are identified and are
descnibed with respect to characteristics that influence exposure, such as location
relative to the site, activity patterns, and presence of sensitive subpopulations.
This step considers the characteristics of the current population, as well as those of
any potential future populations that may differ under an alternate land use.

3.2.2 ldentification of Exposure Pathways

In this second step, the exposure pathways by which the previously identified
populations may be exposed are identified. Each exposure pathway describes a
unique mechanism by which a population may be exposed to the chemicals at, or
ongmnating from, DNAPL-impacted areas of the site. Exposure pathways are
identified based on:

e consideration of the sources, releases, types, and locations of chemicals in
the DNAPL-impacted areas of the site;

e the likely environmental fate (including persistence, partitioning, transport,
and intermedia transfer) of these chemicals;

e the location and activities of the potentially exposed populations.
Exposure points (points of potential contact with the chemical) and routes of
exposure (e.g., ingestion, inhalation) are identified for each exposure pathway.
3.2.3 Quantification of Exposure
In this third step of the exposure assessment, the magnitude, frequency and
duration of exposure for each identified pathway is quantified. This step is

conducted in two stages: estimation of exposure concentrations and calculation of
intakes.
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imati ion

In this part of Step 3, the concentration of chemicals that may be contacted over
the exposure period are determined. Exposure concentrations are estimated using
monitoring data and/or chemical transport and environmental fate models. Modeling
is used to estimate future chemical concentrations in media that are currently
contaminated or that may become contaminated, and current concentrations in
media and/or at locations for which there are no monitoring data.

| i ntak

in this part of Step 3, the chemical-specific exposures for each identified exposure
pathway are calculated. For the human health exposure assessment, exposure
aestimates are expressed in terms of the mass of substance in contact with the body
per unit body weight per unit time (e.g., mg chemical per kg body weight per day,
also expressed as mg/kg-day). These exposure estimates are termed "intakes"” and
represent the normalized exposure rate. Chemical intakes are calculated using
equations that include variables for exposure concentration, contact rate, exposure
frequency, exposure duration, body weight, and exposure averaging time. The
values of some of these variables depend on site conditions and the characteristics
of the potentially exposed population.

After intakes have been estimated, they are organized by popuiation, as
appropriate. Then, the sources of uncertainty (e.g., variability in analytical data,
modeling results, parameter assumptions) and their effect on the exposure
estimates are evaluated and summanzed. The exposure assessment concludes
with a summary of the estimated intakes for each pathway evaluated.

3.3 Reasonable Maximum Exposure

The Risk Evaluation associated with DNAPL occurrence at the French Limited site 1s
based on an estimate of the reasonable maximum exposure (RME) expected to
occur under both current and future land-use conditions. The reasonable maximum
exposure is defined here as the highest exposure that is reasonably expected to
occur at the site. RMEs are estimated for individual pathways. |f a population 1s
exposed via more than one pathway, the combination of exposures across
pathways also must represent an RME. The intent of the RME is to estimate a
conservative exposure case (i.e., well above the average case) that is still within
the range of possible exposures. The vanation in individual exposure vanables 1s
used to evaluate uncertainty. In this way, the variables contributing most to
uncertainty in the exposure estimate are more easily identified.
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3.4 Characterization of Exposure Setting

The exposure setting of the French Limited site and nearby populations is descnbed
in Section 2.0 of this report. This forms the basis of discussion for exposure
pathways and quantification of exposure.

3.5 I|dentification of Exposure Pathways

The exposure pathway describes the course a chemical or physical agent takes
from the source to the exposed individual. The analysis of the exposure pathway
hnks the sources, locations, and types of environmental releases with population
locations and activity patterns to determine the significant pathways of human

exposure.
Exposure pathways consist of the following four elements:
1. a source and mechanism of chemical release,

2. a retention or transport medium (or media in cases involving media
transfer of chemicals),

3. a point of potential human contact with the contaminated medium
(referred to as the exposure point),

4. an exposure route (e.g., ingestion) at the contact point.

For this Risk Evaluation, the "contaminant source” at the French Limited site is the
DNAPL itself and soils directly impacted by DNAPL. These contaminated media act
as sources for groundwater contamination which may in turn may contaminate
surface water. Groundwater is considered the transport medium. In some
exposure scenarios, such as dermal contact during excavation and dnlling activities,
the DNAPL source itself is the exposure point, without a release to any other
medium. In these latter cases, the exposure pathway consists of (1) the source, (2)
the exposure point, and (3) the exposure route.
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3.5.1 DNAPL Sources and Receiving Media

Three distinct areas of DNAPL contamination of subsoils at the French Limited site
were identified and characterized in the DNAPL Study Field Data Report (AHA,
1993b). Figures 2-2 and 3-2 show the location and the extent of DNAPL
contamination within these areas. In both the S1-13 and S1-16 areas, DNAPL-
contaminated subsoils are limited in extent to the S1 unit within the sheetpile wall.
In the INT-11 area, DNAPL has only been observed in the INT unit and was found to
extend outside the sheetpile wall to just north (approximately 5 to 10 feet) of Guif
Pump Road. In this area, the southernmost portion of the DNAPL contamination
appears to be non-mobile, having been identified in soil borings, but not in
subsequently completed monitoring wells.

All three DNAPL areas have groundwater containing constituents distinctive of
DNAPL composition as a result of solubiization and leaching of DNAPL-impacted
solls. The DNAPL-impacted groundwater extends outside the sheetpile wall in all
three areas. In the case of the S1-13 and S1-16 areas, contaminated groundwater
has been detected in both the S1 and INT units. In the INT-11 area, groundwater
contamination has been observed in monitoring wells screened in the INT unit. The
absence of a continuous C1 clay in this area and presence of high total organic
carbon (TOC) measured in nearby S1 production wells suggests that groundwater
contamination occurs In both the S1 and INT umits in this area.

In addition to the three areas of known DNAPL occurrence, there are areas of
potential DNAPL occurrence suggested by high concentrations of charactenstic
DNAPL chemicals in groundwater. In particular, the INT unit in the western part of
the site (the INT West Area of Figure 2-2) is a suspected DNAPL-impacted area
although there is no direct evidence of actual DNAPL occurrence. From a Risk
Evaluation standpoint, highly contaminated soils, whether they actually contain
DNAPL or not, provide a "source” for groundwater contamination. Consequently,
for completeness, the INT-West potential DNAPL area 1s included in the Risk
Evaluation.

All observed instances of DNAPL contamination at the French Limited site occur
north of Gulf Pump Road and within the area currently controlied by FLTG, iInc. at
depths of no less than 27 feet in the S1 unit and no less than 38 feet in the INT
unit. The most likely present and future route of direct DNAPL exposure 1S during
dniling and excavation activities associated with site investigations or remediation.
Workers involved with these activities are required to have health and safety
traning (29 CFR 1910.120) so that they are knowledgeable in the use of safety
measures and personal protective equipment to prevent potential exposures.
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Potentially, such DNAPL-impacted strata could be encountered during a future
excavation for a building foundation by workers not specifically trained to handle
potentially hazardous chemicals. This exposure pathway is, however, not realistic
in hght of local buillding practices and site conditions. In particular, there is no
indication of DNAPL-impacted soils south of Gulf Pump Road, which 1s the closest
location that a building could be constructed outside FLTG property. In addition,
the presence of a shallow water table discourages deep excavations for
foundations. The current local building practice s to install shallow concrete slabs,
rather than deep piers, to provide building support. The potential exposure from
accumulation and subsequent inhalation of compounds volatilized from DNAPL in
basements or deep excavations is again prevented by local building practice which
prohibits the construction of such structures due to the shallow water table .

Direct exposure to DNAPL and DNAPL-impacted soils via dermal contact, incidental
ingestion or inhalation of volatilized compounds is thus controlled or prevented by
local conditions and are not considered realistic potential exposure pathways in this
Risk Evaluation.

3.5.2 Fate and Transport in Release Media

The fate and transport of the chemicals associated with DNAPL-impacted areas of
the French Limited site were evaluated to predict future exposures and to help hnk
sources with currently contaminated media. The intent i1s to identify media that are
receiving or may receive chemicals related to the DNAPL-impacted areas of the site.

In determining the fate of the chemicals of potential concern at the site, information
on their physical/chemical and environmental fate properties were compiled.
Computer data bases and the open literature were used, as necessary, as sources
for up-to-date information on the physical/chemical and fate properties of the
chemicals of potential concern. Table 3-1 lists some important chemical-specific
fate parameters and brniefly describes how these are used to evaluate a chemical's

environmental fate.

Under both active remediation and passive non-treatment scenarios, the prnimary
transport media for DNAPL chemicals is groundwater. Advective transport under
natural or imposed hydraulic gradients is the prnmary migration mechamsm. The
groundwater receives chemicals related to the DNAPL-impacted areas of the French
Limited site as a resuit of leaching and solubiization of DNAPL and DNAPL-
impacted soils. The major chemicals that are charactenstic of the DNAPL areas are
the chlorinated solvents including: carbon tetrachlonde; 1,2 dichloroethane (DCA);
chloroform; and 1,2 dichloroethene (DCE). Vinyl chloride 1s a breakdown product of
higher chlorinated ethanes and occurs as a major constituent in groundwater.
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TABLE 3-1

Important Physical/Chemical and
Environmental Fate Parameters

Provides a measure of the extent of chemical partitioning between organic carbon
and water at equitbrium  The higher the K, the more likely a chemical 1s to
bind to soil or sediment than to remain in water

Kq Provides a soil or sediment-specific measure of the extent of chemical partitioning
between soll or sediment and water, unadjusted for dependence upon organic
carbon To adjust for the fraction of organic carbon present in soill or sediment
(foc). use Kg = Ky x foc  The higher the Ky, the more likely a chemical 1s to
bind to soil or sediment than to remain in water

Provides a measure of the extent of chemical partitioning between water and
octanol at equiibium The greater the K, the more likely a chemical i1s to
partition to octanol than to remain in water Octanol 1s used as a surrogate for
hpids (fat), and K, can be used to predict bioconcentration In aquatic
organisms

Solubility The upper mit on a chemical's dissolved concentration in water at a specified

temperature  Aqueous concentrations In excess of solubdity may ndicate
. sorption onto sediments, the presence of solubilizing chemicals such as solvents,
. or the presence of a non-aqueous phase liquid

Henry's Law Provides a measure of the extent of chemical partitioning between air and water
Constant at equiibnum The higher the Henry's Law constant, the more likely a chemical
1s to volatilize than to remain in the water

Vapor Pressure The pressure exerted by a chemical vapor in equiibrium with its solid or hquid
form at any given temperature it 1s used to calculate the rate of volatihzation of
a pure substance from a surface or in estimating a Henry's Law constant for
chemicals with low water solubiity The higher the vapor pressure, the more
Iikely a chemical 1s to exist in @ gaseous state

Diffusivity Describes the movement of a molecule in a iquid or gas medium as a result of
differences in concentration It 1s used to calculate the dispersive component of
chemical transport The higher the diffusivity, the more likely a chemical 1s to
move In response to concentration gradients

Bioconcentration  Provides a measure of the extent of chemical partitioning at equiibrnium between
Factor (BCF) a biological medium (e g fish tissue or plant tissue) and an external medium (e g
water) The higher the BCF, the greater the likely accumulation in living tissue

Maedia-specific Provides a relative measure of the persistence of a chemical in a given medium,
Half-life although values can very greatly depending on site-specific conditions The

greater the half—llfel the more persistent a chemical is likely to be
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The basic chemical and physical properties of the constituents detected In
subsurface media are summarized in Table 3-2. In general, the chlorinated organic
constituents typically associated with DNAPL-impacted soils and groundwater at
the French Limited site, as noted above, have the following characteristics:

¢ fairly soluble,

+ |low adsorptive tendencies,

¢ biodegrade very slowly under normal (non-stimulated) conditions,

e degrade to less-chliorinated compounds by reductive dehalogenation process,
e volatilize readily iIf exposed to atmospheric conditions,

o do not tend to bio-accumulate.

A screening level analysis, considering the characternistics of the chlonnated solvent
constituents, indicates that relatively httle retardation will hkely occur in the S1
unit. The INT unit has the abihty to retard the migration of organic constituents in
groundwater, but removal of constituents by natural degradation or volatihzation
processes will be very slow. Consequently, transport of these constituents in
groundwater is considered to be dominated by advection.

Under the operating remedial system, surface water bodies tend to act as recharge
sources for the groundwater. However, under non-operating conditions, surface
water within ponds and sloughs around the French Limited site may receive
discharge of groundwater. Consequently, under a scenano of future non-
operational conditions, with DNAPL-impacted "source" areas still existing, a surface
water pathway could exist via discharge of contaminated groundwater to ponds and
sloughs. Because the ponds tend to penetrate only into the upper part of the S1
unit, the surface water pathway is restricted to discharge of S1 groundwater.
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TABLE 3-2
Chemical and Physical Properties of Constituents Detected in Subsurface Media
Chemical Compound CAS # Molecular Water Vapor Henry's Koc Log Fish Surface Kp Ref.
Welight Solubiiity Pressure Law Kow BCF Water Value
{g/moale} (mg/L) (mm Hg) Constant (ml/g) (Ukg) Helf-Life | (cm/hr)
(atm- (days)
{1 m3/mol) (2) {3) (4) _{5)
VOLATILES
chlorometheane 74-87-3 80 660E+3 4 31E+3 4 40E-2 36 085 — 1 4 2€-3 A
vinyl chioride 75-01-4 63 267E+3 266E+3 8 19E-2 67 138 117 16 7 24€-3 A
chiorosthsne 76-00-3 66 6 71E+3 766E+2 8 48E-3 —_— 143 72 1166 8 OE-3 B2
(@®1260)

methylene chloride 75-09-2 85 200E+4 3626E+2 2 03E-3 88 130 6 1268 6 62€-3 A
acetone 67-64-1 68 miscible 270E+2 2 0BE-B 22 024 — —_— — A
1.1-dichlorosthens 76-365-4 97 2 26E+3 6 00E + 2 3 40€-2 66 1684 68 1-6 9 66E-3 A
1.1-dichlorosthane 76-34-3 99 5 60E+3 182E+2 4 31E-3 30 179 —_— 1-6 4 67€-2 A
cls-1,2-dichlorosthene 156-568-2 97 360E+3 208E+2 7 68E-3 49 050 16 1-6 1 OE-2 A
trans- 1, 2-dichloroethene 166-60-6 97 6 30E+3 324E+2 6 66E-3 59 048 16 1-8 1 OE-2 A
chloroform 67-68-3 119 B 20E+3 161E+2 2 87E-3 3l 197 376 03-30 2 95E-2 A
1,2-dichlorosthane 107-08-2 99 862E+3 6 40E+1 9 764 14 148 12 017 1 95E-2 A
2-butanone 78-93-3 72 2 68E+6 7 76E+1 2 74E-6 45 026 00 10 8 17E4 A
carbon tetrachioride 66-23-6 154 757E+2 9 00E +1 2 41E-2 110 264 19 0 3-300 2 14E-3 A
vinyl scetate 108-06-4 88 200E+4 8B0E+1 4 B1E4 —— 073 23 2213 — B1
trichloroethene 78-01-6 131 1 10E+3 5 79E+1 9 10E-3 126 238 1086 1-80 8 32¢-2 A
1,1,2-trichloroethane 79-00-6 133 4 60E+3 3 00E+1 117E-3 66 247 5 19 8 4E-3 A
benzene 71-43-2 78 176E+3 962E+1 5 69E-3 a3 212 52 1-6 4 27E-2 A
4-methyl-2-pentanone 108-10-1 100 204E+4 1 46E+1 9 40E-5 — 119 6 0614 4 90E-3 B2
tetrachlorosthene 127-18-4 168 160E+2 178E+1 2 B9E-2 364 28 3 1-30 7 94E-3 A
1.1,2,2-tstrachloroethane 79-34-6 168 290E+3 5 00OE +0 3 81E4 118 238 42 004 9 OE-3 A
toluene 108-88-3 92 6 36E+2 281E+1 6 37¢-3 300 273 107 o017 1 70€-1 A
sthyibenzene 100-41-4 106 162E+2 7 OOE+0 6 43E-3 1,100 316 376 16786 4 47E-1 A
xylene 1330-20-7 108 19BE+2 1 0OE +1 7 O4E-3 240 326 = 169 8 OE-2 A

(31} Vapor pressure at 20-30 degrees Celsius

{2) Koc = Equilbnum partition coefficient between organic carbon and water

(3) K = Equillbrium partition coefficlent between octanol carbon and water

{4) B&y = Bio-Concentration Factor {Equilibrium chemical partition coefficient between fish tissue and water )

{5) Kp = Denmal Permeability Constants (Values are from EPA, 1891d, Interim Guidance for Dermal Exposure Assessment

NA = Not Applicable

A = EPA Superfund Public Health Evaluaton Manual, Oct 1986

B# = Handbook of Environmental Fate and Exposure Dsta for Organic Chemicals PH Howard, 1990 (# = volume)
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TABLE 3-2 (Cont.)
Chemical and Physical Properties of Constituents Detected in Subsurface Media
Chemical Compound CAS # Molecular Water Vapor Henry's Koc Log Fish Surface Kp Ref.
Waelght Solubility Pressure Law Kow BCF Water Value
(g/mole} (mg/L) {mm Hg) Consteant {mi/g} {L/kg) Half-Life {cm/hr)
{atm- {days)
(1) m3/mol) {2) _{3) (4) {B)

SEMI-VOLATILES
phenol 108-95-2 84 9 30E+4 3 41E1 4 64E-7 142 146 14 0 62-8 6 6E-3 A
2-methylphenol 965-48-7 108 308E+1 3 10€-1 1 60E-6 o—ee 19886 18 2 — B1
4-methyiphenol 106-44-56 108 2 26E+1 1 30E-1 9 GOE-7 e 194 18 058 — B1
hexachloroethane 67-72-1 237 5 00E+1 4 OOE-1 2 48E-3 20,000 4 60 87 1196 4 2E-2 A
2,4-dimethylphenol 106-67-9 122 6 20E+3 8 B0E-2 6 30€-7 cooee 230 118 m—— 8 61E-5 81
1,2,4-trichlorobenzene 120-82-1 181 3 00E+1 2 90E-1 2 31€-3 9,200 4 30 2,800 12 3 02E-2 A
naphthalene 91-20-3 128 317E+1 8 20E-2 4 83E-4 —— 33 1,000 1-9 6 31E-1 B1
hexachlorobutadiene 87-68-3 261 1 60E-1 200E+0 4 B7E+0 29,000 478 28 29-2,300 1 261 A
2-methyinsphthalene 91-67-6 —_ 264E+1 — 3 31E4 7,840 41 ———— — ——— —
acenaphthylene 208-96-8 162 3 93E+0 2 90E-2 1 48E-3 2,500 370 —— 0126 —— A
scenaphthene 83-32-9 154 342E+0 1 65E-3 9 20E-6 4,600 4 00 242 — A
dibenzofuran 132-64-9 168 ——— —_— — — — —_— 28 — e
fluorene 86-73-7 116 1 69E+0 7 10E-4 6 42E-6 7.300 420 1,300 1-2 o——— A
hexschlorobenzene 118-74-1 285 6 OOE-3 1 O9E-5 6 B1E4 3,800 523 8,690 0 3-300 2 1E1 A
phenanthrene 85-01-8 178 1 00E+0 6 BOE-4 1 69E-4 14,000 448 2,630 038-2 2 7€-1 A
anthracene 120-12-7 178 4 60E-2 1 96E-4 1 02E-3 14,000 445 — — — A
fluoranthene 206-44-0 202 2 06E-1 6 OOE-8 6 46E-6 38,000 4980 1,150 1-2 3 GE-1 A
pyrene 129-00-0 202 1 32E-1 2 60€-6 5 O4E-6 38,000 4 88 —— ——— ———— A
benzo(A)anthracene 56-65-3 228 6 70E+3 2 20E-8 1 16E-6 138,000 5 60 e 016 8 1E-1 A
bis(2-ethylhexyl)phthalats 117-81-7 39 3 O0E-1 6 45E-6 1 10€-6 —— 511 24 14-21 — B1
chrysene 218-01-9 228 1 B0E-3 6 30E-9 1 OGE-6 200,000 5 61 — 02 8 1E-1 A
benzo(B)fluoranthene 2056-89-2 252 1 40E-2 6 OOE-7 1 19E-6 560,000 608 — 1-2 12E+0 A
bsnzo{Alpyrene 50-32-8 252 1 20€-3 6 60E-9 1 65E-6 660,000 606 ——— o4 1 2E+0 A
indeno(1,2,3-CD)pyrene 183-39-6 278 6 30E-4 1 OOE-10 6 86E-8 160,000 6 60 m—— 002-2 08 198E+0 A
dibenzo(A,H)anthracene 63-70-3 278 5 OOE-4 1 OOE-10 7 33E-8 330,000 6 80 —_— 002-208 27E40 A
benzo{GHI lene 191-24-2 276 7 OOE-4 1 03E-10 5 34E-8 160,000 6 51 ovene —— —— A

m Vapor pressure at 20-30 degrees Celsius

{2) Koc = Equilibrium partition coefficlent between organic carbon and water

3) K = Equilbrium partition coefficlent between octanol carbon and water

(4) a&ﬂ = Bio-Concentration Factor (Equilibnum chemical partition coefficlent between fish tissue and water )

{5) Kp = Dermal Permeability Constants {Vatues are from EPA, 1881a, intenm Guidance for Dermal Exposure Assassment

NA = Not Applicable

A EPA Superfund Pubhic Health Evaluation Manual, Oct 1986

B#

Handbook of Environmental Fate and Exposure Data for Organic Chemicals PH Howard, 1990 (# = volume)
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{5) Kp

NA = Not Applcable
A =

B# =

EPA Superfund Public Health Evaluation Manusl, Oct 1966
Handbook of Environmental Fate and Exposure Data for Organic Chemicals PH Howard, 1990 (# = volume)

= Equilibium partition coefficient betwesn organic carbon and watsr
= Equilibrium partition coefficient between octancl carbon and water
V = Bio-Concentration Factor (Equilibrium chemical partition costficient between fish tissue and water )

= Dermal Permeability Constants (Values are from EPA, 1991d, Interim Guidance for Dermal Exposure Assessment

RISK EVALUATION FLTG, Incorporated oo
N
(Vo
(o)
TABLE 3-2 (Cont.) o2
Chemical and Physical Properties of Constituents Detected in Subsurface Media
Chemical Compound CAS # Molecular Water Vapor Henry's Koc Log Fish Surface Kp Ref.
Weight Solubllity Pressure Law Kow BCF Water Vaiue
(g/mole) {mg/L) (mm Hg Constant (ml/g) (Lg) Half-Life {cm/hr)
{atm- (days)
(1)) m3/mol) (2) {3) (4) {5)
PESTICIDES
sipha-BHC 319-84-6 291 2 00E-3 4 60E-6 1 06E-5 J— 380 — — — B3
bete-BHC 319-85-7 291 2 40E-1 2 80E-7 4 47€-7 3,800 390 130 — —_
dehte-BHC 319-86-8 291 3 14E+1 1 70E-6 2 07E-7 6,600 410 130 — —
gamma-BHC (lindane) 58-89-9 201 7 80E O 1 60E-4 7 85E-6 1,080 390 130 — 1 4€-2
aldnn 309-00-2 365 1 80E-1 6 00E-4 1 60E-6 9 60E+4 6 30 28 — 1 6€-3
4,4DDE 72-56-9 318 4 00E-2 6 00E-6 6 BOE- 4 40E+86 700 51 — 2 4E-1
endrin 72-20-8 38t 2 60E-4 3 00E-6 7 62E-6 340E+4 456 | 1310E+4 10d-14y 1 662 B3
endnn aldehyde 7421-93-4 —— — — —_— — — ——— —_— —
heptachlor 76-44-8 374 1 80E-1 3 00E-4 8 19E-4 12,000 627 | 3,800-3,7000 1-6 11E-2 B3
PCB (Total) 1336-36-3 328 3 106-2 7 70E-B 1 07€-3 630,000 604 100,000 2129 7 1E1
to 1 32+0
METALS
arsonic 7440-38-2 75 — 0 NA NA N/A 44 —_ 31664 A
chromium 7440-47-3 52 — o NA NA N/A 16 >3 Days 1 0E-3
copper 7440-05-8 64 oveee [+) NA NA N/A 200 ceeee 1 0E-3
| zinc 7440-66-6 66 - 0 NA NA N/A 47 |  Persistent 6 OE-4
{1 Vapor pressure at 20-30 dagrees Celsius
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3.5.3 Exposure Points, Routes and Pathways

The primary exposure pathways for contact of potentially exposed populations with
contaminated media are shown on Figure 3-2 and are summarized as follows:

1. Exposure of residential populations to potentially contaminated groundwater
in the Upper Alluvial Zone downgradient from the site. Exposure could be
from ingestion of contaminated groundwater or inhalation of vapors from
contaminated water during showering. The closest current potential
exposure points are existing domestic wells located in the Riverdale
Subdivision, southwest of the site and potential wells located south of the
new Highway 90 (Crosby Freeway}. The closest future exposure point could
be a domestic well immediately north of Gulf Pump Road.

2. Exposure of residential population to surface water that could potentially
receive contaminated groundwater discharge. Exposure could be from
dermal contact or casual ingestion of water in ponds during swimming or
ingestion of contaminated fish tissue. The closest current (and {uture)
exposure points are the South and East Ponds, and the East Slough.

For purposes of this Risk Evaluation, no institutional controls or deed restrictions
that would prevent future residential development or groundwater supply welis have

. been assumed for the property between Gulf Pump Road and the new Highway 90
(Crosby Freeway). Currently, this property is secure and under lease to FLTG so
that there is no current exposure potential to either surface water or groundwater
pathways. The area is subject to Risk Evaluation for future potential surface water
and groundwater pathways.

Under the current conditions of active remedial operations at the site, groundwater
migration in the vicinity of the site 1s controlled. Accordingly, no migration of
potentially contaminated groundwater can occur to the exposure points noted
above. These potential exposure points, therefore, only apply to potential future
conditions when the remedial system 1s no longer operating, assuming the source of
DNAPL-mpacted soils still exists and is not contained, and hydraulic gradients are
such that groundwater migration to these exposure points can occur.

As noted above, direct dermal contact or inhalation of DNAPL constituents as a
result of drilling operations on site 1s not considered in this Risk Evaluation because
these activities are performed under closely controlled and monmitored conditions. In
addition, as noted above, local building practice and a shallow water table precludes
deep excavation for building foundations so that direct dermal contact or inhalation
of DNAPL constituents as a result of these activities 1s not considered in this Risk
Evaluation. All areas of known current DNAPL occurrence or future DNAPL
occurrence are located north of Guif Pump Road and within the area currently
controlled by FLTG, Inc. and are, therefore, not accessible to uncontrolled drilling or
‘ excavation activities.
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3.6 Quantification of Exposure

The final step in the Exposure Assessment involves quantifying the magnitude,
frequency and duration of exposure for the populations and exposure pathways
selected for quantitative evaluation. This step is reported in two stages: first, an
estimate of exposure concentrations, and second, quantification of pathway-
specific intakes.

3.6.1 Quantification of the Reasonable Maximum Exposure

Exposure is defined as the contact of an organism with a chemical or physical
agent. If exposure occurs over time, the total exposure can be divided by a time
period of interest to obtain an average exposure rate per unit time. This average
exposure rate also can be expressed as a function of body weight. Exposure
normalized for ime and body weight is termed "intake”, and is expressed in units of
mg chemical/kg body weight-day (Table 3-3).

Three categories of variables are used to estimate intake:
1. chemical-related vanable -- exposure concentration;

2. vanables that describe the exposed population -- contact rate, exposure
frequency and duration, and body weight;

3. assessment-determined varnable -- averaging time.

Each intake variable has a range of values associated with DNAPL-impacted media
at the French Limited site. Intake variable values for a given pathway have been
selected so that the combination of all intake varnables results in an estimate of the
reasonable maximum exposure (RME) for that pathway. The RME is the maximum
exposure that 1s reasonably expected to occur for any given exposure route. Some
intake variables may not be at their individual maximum values but when In
combination with other vanables will result in estimates of the RME.

A more detalled explanation of each of the varnables used in the calculation of
chemical intake as expressed in Table 3-3 is given in the following sections.
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TABLE 3-3

General Equation for Calculating Chemical Intakes

I=C xCR x EFD x 1
BW AT

Where*

| = intake; the amount of chemical at the exchange boundary
{mg/kg body weight-day)

Chemical-related variable

C = chemical concentration, the average concentration contacted over the
exposure period (e g , mg/iiter water)

Vanabl (|

CR = contact rate; the amount of contaminated medium contacted per unit time
or event (e g , iters/day)

EFD = exposure frequency and duration, describes how long and how often
exposure occurs. Often calculated using two terms {EF and ED)

EF = exposure frequency (days/year)
ED = exposure duration (years)
BW = body weight; the average body weight over the exposure period (kg}

en rmined vanabl

AT = averaging time; period over which exposure I1s averaged {days)
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Exposure concentration - The exposure concentration is the anthmetic average of

the measured or projected concentration that is contacted over the exposure period.
Although this concentration does not reflect the maximum concentration that could
be contacted at any one time, it 1S regarded as a reasonable estimate of the
concentration likely to be contacted over time. In most situations, it 1s not
reasonable to assume long-term contact with the maximum concentration. The
upper confidence limit (i.e., the 95 percent upper confidence limit) of the anthmetic
average was used for this vanable because of the uncertainty associated with any
estimate of exposure concentration. In this Risk Evaluation, all exposure
concentrations were projected by modeling and mass-balance calculations.

Contact rate - Contact rate reflects the amount of contaminated medium contacted
per unit time or event. If statistical data are available for a contact rate, the 95th
percentile value for this variable was used. If statistical data were not available,
professional judgment was used to estimate a value which approximates the 95th
percentile value.

Exposure frequency and duration - Exposure frequency and duration was used to

estimate the total time of exposure. These terms were determined based on the
site characteristics. |f statistical data were available, the 95th percentile value for
exposure ttime was used. In the absence of statistical data, reasonable
conservative estimates of exposure time were used.

Body weight - The value for body weight 1s the average body weight over the
exposure period. The average body weight 1s used because, when combined with
the other vanable values in the intake equation, i1t is believed to resuit in the best
estimate of the RME.

Averaging time - The averaging time selected depends on the type of toxic effect
being evaluated. In this Risk Evaluation, a 70 year lifetime was assumed for
chronic exposure calculations. Exposures to a developmental toxicant are typically
evaluated and intakes calculated by averaging over the exposure event (e.g., a day
or a single exposure incident). For acute toxicants, intakes are typically calculated
by averaging over the shortest exposure period that could produce an effect, usually
an exposure event or a day. In this Risk Evaluation, exposure to acute and
developmental toxicants were assessed by comparison of calculated maxamum
exposure concentrations to 10-day and 1-day health advisories for the chemicals of
concern.
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3.6.2 Timing Considerations

Long term exposure to relatively low chemical concentrations (i.e., chronic daily
intakes) is of greatest concern. Shorter-term exposure (i.e., subchronic daily
intakes) 1s also important. The following factors were considered in the evaluation
of short-term exposure.

¢ the toxicological characteristics of the chemicals of potential concern;

e the occurrence of high chemical concentrations or the potential for a large
release;

¢ persistence of the chemical in the environment;
¢ the characteristics of the population that influence the duration of exposure.

Toxicity considerations - Some chemicals can produce an effect after a single or
very short-term exposure to relatively low concentrations. These chemicals include
acute toxicants such as skin irntants and neurological poisons, and developmental
toxicants. Several of the chemicals identified at the site display evidence of these
types of toxicological charactenstics. For these toxicants, exposure over both a
one-day and ten-day period was evaluated. These time periods were chosen
because they are appropniate for this type of toxicological exposure, and the
calculated exposure concentrations could be compared with one-day and ten-day
health advisory values for specific chemicals as described in Sections 4.0 and 5.0.

Concentration considerations - Many chemicals can produce an effect after a single

or very short-term exposure, but only if exposure 1s to a relatively high
concentration. Identification of possible situations where a short-term exposure to
high concentration occurrence were assessed. For these situations, exposure was
evaluated over both a one-day and ten-day perod.

Persistence considerations - Some chemicals may degrade rapidly in the
environment. In these cases, exposure may be assessed only for that period of
time in which the chemical is likely to be present at the site. In this Risk
Evaluation, for conservative calculations, no degradation of chemicals was
assumed, but exposure to known breakdown products, e.g. vinyl chlonde, was

considered.
Population _considerations - If population activities are such that exposure would

occur only for a short time period (a8 few weeks or months), infrequently, or
intermittently, these periods of time are averaged and assessed. For example, the
surface water exposure scenarios assumed a conservatively high 30 swimming
events per year over a 30 year time frame.
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3.6.3 Determination of Exposure Concentrations

The basic approach and methodology for determining exposure concentrations of
chemicals of concern at the site is described below. The chemicals of concern are
based on screening of chemical constituents identified at the site on the basis of
toxicological characteristics (Section 4.0) and fate and transport considerations.

Exposure concentrations are calculated for the different environmental media using
available monitoring data and appropriate models. The concentration term in the
exposure equation (Table 3-3) is the average concentration projected to be
contacted at the exposure point or points over the exposure period. When
estimating exposure concentrations, a conservative estimate of this average
concentration is generally used (e.g., the 95 percent upper confidence imit of the
arithmetic mean chemical concentration).

Esti f Ex r ncentrations in Groundwater

Exposure concentrations of the groundwater were based on a combination of
monitoring and modeling data. Data from monitonng wells were used to determine
the maximum chemical concentrations in groundwater in each of the four potential
DNAPL source areas at the French Limited site (Table 2-3). The location(s) used to
evaluate groundwater exposure were selected on the basis of the closest point
where a water supply well could be completed in the alluvial deposits and locations
where such wells are already present. The closest possible future exposure point is
immediately north of Gulf Pump Road. The Riverdale community and areas south of
the new Highway 90 represent exposure points which currently exist or could exist
at the present time.

Groundwater monitoring indicates that no current or past exposure to chemicals of
concern In the groundwater has occurred. Current monitoring data indicates that
contaminated groundwater has not migrated to existing potential exposure points.
Sampling of domestic wells in the Riverdale subdivision by the EPA in December,
1987 did not find any indication of constituents that could have migrated from the
French Limited site. Current operation of the groundwater remedial system
prevents any further migration from the site by imposing hydraulic control on
groundwater flows.

Modeling was used to estimate future contaminant concentrations at potential
exposure points. The modeling assumed that operation of the current remedial
system had ceased, but uncontained DNAPL "sources” still existed that continued
to contaminate groundwater. These sources are assumed to exist in the S1 and
INT units in the eastern part of the site, and only in the INT unit in the western part
of the site, as shown on Figure 3-2. The modeling aiso assumed that a significant
hydraulic gradient is imposed by some future activity, such as a gravel quarry
dewatering operation, that would induce migration towards the receptor locations
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Four transport scenarios were modeled for the groundwater exposure scenarios:

1. Transport of constituents in INT unit groundwater from the western part of
the site to existing domestic wells in the Riverdale Subdivision

2. Transport of constituents in both S1 and INT unit groundwaters from the
eastern part of the site to potential domestic wells south of the new
Highway 90. The composite exposure concentration at the receptor 1s then
based on the weighted average based on flow ratios from the two units.

3. Transport of constituents in INT unit groundwater from the eastern part of
the site to hypothetical domestic wells immediately north of Gulf Pump
Road.

4. Transport of constituents in S1 unit groundwater from the eastern part of
the site to hypothetical domestic wells immediately north of Gulf Pump
Road.

Details of the modeling assumptions are included in Appendix A. The results of the
modeling are summarized in Appendix A and in Table 3-4. Inhalation exposure
concentrations of chemicals that may volatilize from the contaminated
groundwater, for example during showering, are calculated based on the dissolved

‘ water concentrations and volatihzation constants for specific chemicals, as
described under "Estimate of Exposure Concentrations in Air" below.

Estim f Ex r n rface Water

Estimated groundwater discharge rates and concentrations, derived from fate and
transport modeling were used to estimate surface water exposure concentrations.
The modeling assumed that operation of the current remedial system had ceased,
but uncontained DNAPL "sources” still existed at the S1-13 and S1-16 areas of the
site. These source areas could continue to contrnbute to S1 umit groundwater
contamination that could then discharge to the ponds. The maximum chemical
concentrations in groundwater in these two DNAPL source areas are shown in
Table 2-3. Only S1 umit discharges were considered as the existing ponds

penetrate into the top of these units.
Two transport scenarios were modeled:

1. Transport of constituents in groundwater of the S1 unit from the S1-13
DNAPL area to the South Pond.

2. Transport of constituents in groundwater of the S1 unit from the S1-16
DNAPL area to the East Pond and the East Slough.
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Details of the groundwater transport modeling assumptions and results are included
in Appendix A. This modeling effort yields the projected maximum rate of
constituent discharge into the ponds. The resulting surface water concentrations
were then estimated by assuming total mixing with the pond water volume over a
two year period. The results of the exposure concentration calculations are
summanzed in Appendix A and in Table 3-4.

im f Ex ntrations in Fish Ti

Chemical concentrations in fish can result from bioconcentration of chemicals n
contaminated surface waters. Exposure to local residential populations occurs
through ingestion of these fish. The fish tissue exposure concentrations are
calculated based on the dissolved water concentrations and bioconcentration
factors (BCF) for the vanous chemicals of concern (Table 3-2). The results of the
exposure concentration calculations are summarized in Table 3-4.

Estim f Ex r ncentrations in Soil

The DNAPL occurrence at the French Limited site is entirely below ground surface,
at a depth below excavations for routine service maintenance (phone lines etc.). All
areas of known current DNAPL occurrence or future DNAPL occurrence are located
north of Gulf Pump Road and within the area currently controlled by FLTG, Inc. and
are, therefore, not accessible to uncontrolled drilling or excavation activities. As
noted above, direct dermal contact, ingestion or inhalation of DNAPL constituents
as a result of excavation or drilling operations associated with remedial actions on
site 1S not considered in this Risk Evaluation because these activities are performed
under closely controlled and monitored conditions.

In addition, as noted above, local building practice and a shallow water table
precludes deep excavation for building foundations so that a possible future
exposure pathway, via direct dermal contact, ingestion or inhalation of DNAPL
constituents during such activities, is not considered complete (no exposure)
Therefore, direct dermal contact, ingestion or inhalation of DNAPL constituents 1s
not considered in this Risk Evaluation.

Estim f Ex r ncentrations in Air

Chemical concentrations in indoor air can result from volatiization of chemicals
from contaminated domestic water supplies, for example during showering.
Exposure to residential populations occurs through inhalation of air. The exposure
concentrations are calculated based on the dissolved water concentrations and
air/water partitioning coefficients (Henry's Law constants) for the chemicals of
concern (Table 3-2). Details of these calculations are given in Appendix B-4. This
exposure I1s considered under the groundwater pathway to residential wells. The
results of the exposure concentration calculations are summarnzed in Table 3-4.
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TABLE 34
Calculated Exposure Concentrations and intake Dose Rates
Medie: Groundwater
Exposed Popuiation Residential
Exposure Pathway: Ingestion of affected groundwater that has migrated from the site to downgradient water supply wells
Exposure Time: Future
EXPOSURE POINT
North of Gulf Pump Road Riverdale South of New Hwy 90
Chemical from INT-11 Area from S1-13 Area from INT-West Area from INT-11 & S1-13 Areas
Compound Exposure Chronic Daily Exposure Chronic Daily Exposure Chroruc Daily Exposure Chronic Daily
Concentration | Intake (CDI) | Concentration | Intake (CDI) | Concentration| Intake {CDI) | Concentration] Intake (CDI}
(ug/L) {mg/kg-day} {ug/L) (ma/kg-day) (ug/L) (mg/kg-day) (ugll) (mg/kg-day}
{1) (2)
vinyl chlonde 6,000 73E-2 7,278 89E2 16,000 20E1 6,639 81E-2
|methylene chlornide 30,000 37E1 43,581 5 3 E-1 640 7 8E-3 36,791 4 5E-1
acetone 81,000 99 E-1 76,036 93 E1 110,000 13E+0 78,518 9 6 E-1
1,1-dichioroethene 1,800 22E-2 1,137 14E-2 160 20E-3 1,469 18E2
1,1-dichloroethane 33,000 40EA1 5,658 69E2 3,300 40E-2 19,329 24E1
1,2-dichioroethene (total) 250,000 31E+0 63,613 7 8 E-1 6,200 7 6 E-2 166,807 19E+0
chloroform 850,000 10E+1 131,131 16E+0 250 31E3 490,566 60E+0
1,2-dichloroethane 860,000 11E+1 20,000 24 E-1 8,700 11E1 440,000 54E+0
Hcarbon tetrachlonde 110,000 13E+0 2 24E5 66 81E4 55,001 67E1
tnchloroethene 6,500 80E-2 18,9567 23 E1 680 83E3 12,729 16E-1
1,1,2-tnchloroethane 5 61E-b 556 68E3 550 6 7E-3 281 34E3
*benzene 1,200 16 E2 1,300 16E-2 3,600 44E-2 1,250 16E2
tetrachlororethene 20,146 25E1 9,474 12E1 77 94E4 14,810 18E-1
farsenic ND NA 40 49E4 103 13E3 20 24E4
lchromium ND NA ND NA ND NA ND NA
Notes

ND = Not Detected

NA = Not Analyzed

{1) Exposure concentrations based on groundwater contaminant transport modeling (Appendix A}

(2) CDI = [{(Exposure Conc ) x {total exposure time) x {ingestion rate)]

[{body weight) x (averaging time)]

(For values used in calculating CDI, gee Table 3-5)
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TABLE 3-4 (Cont.)

Calculated Exposure Concentrations and Intake Dose Rates

Media Arr
Exposed Population® Residential
Exposure Pathway Inhalation of chemicals that have volatiized from groundwater during showering
Exposure Time* Future
EXPOSURE POINT
North of Guif Pump Road Riverdale South of New Hwy 90
Chemical from INT-11 Area from $1-13 Area from INT-West Area from INT-11 & S1-13 Areas
Compound Exposure Chronic Daily Exposure Chronic Daily Exposure Chronic Daily Exposure Chromic Daily
Concentration | Intake {CDI) | Concentration| Intake (CDI) [ Concentration| iIntake (CDI) | Concentration| Intake (CDI)
mg/m3 (mg/kg-day} mg/m3 {mg/kg-day) mg/m3 {mg/kg-day} mg/m3 {mg/kg-day)
(3) (2)
vinyl chlonde 60 4 4E-2 73 53E2 160 12E1 66 49E-2
methylene chlorde 245 18E-1 365 26 E1 5 38E3 300 22E1
acetone 83 6 1E2 77 67E2 112 82E-2 80 59 E-2
1, 1-dichioroethene 15 11E-2 10 70E3 1 99E4 12 91E3
1, 1-dichloroethane 266 20E1 46 3 3E2 27 20E-2 166 11E1
1,2-dichlorosthene (total} 2,060 156E+0 524 3.9E1 51 38E2 1,292 95 E-1
chloroform 6,213 46E+0 959 7 O E-1 2 13E3 3,586 26E+0
1,2-dichloroethane 6,021 44E+0 140 10E1 61 45 E-2 3,081 23E+0
carbon tetrachlonde 768 56 E-1 001 10E5 046 34E4 384 28E1
[trichioroethene 48 35E-2 140 10E1 5 37E3 93 69 69E2
1,1,2-tnchloroethane 004 27E5 4 30E3 4 30E3 2 15E3
benzene 1 79E3 12 85E-3 32 24 E2 11 82E3
tetrachlororethene 136 10E-1 64 47E2 1 38E4 100 74E2
arsenic ND NA ND NA ND NA ND NA
chromum ND NA ND NA ND NA ND NA
‘Notes
ND = Not Detected NA = Not Analyzed

(3) Exposure concentrations and CDI based on inhalation dunng showenng with contaminated groundwater (Foster and Chrostowski, 1987) See Appendix B
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TABLE 3-4 (Cont.)
Calculated Exposure Concentrations and Intake Dose Rates
Media’ Surface Water
Exposure Time. Future
Exposed Population: Residential
Exposure Pathway: Ingestion of chemicals from surface water during swimming
EXPOSURE POINT
Chemical South Pond East Pond East Slough
Compound Exposure Chronic Daily Exposure Chronic Daily Exposure Chronic Daily
Concentration Intake (CDI} Concentration intake (CDI) Concentration Intake (CDI)
ug/L (1) {mg/kg-day) {2} uglL {mg/kg-day) ug/L {mg/kg-day)
vinyl chlonde 383 25E5 366 24E5H 1,022 67EH
methylene chlonde 2,294 15E4 287 19E5 803 53EbH
acetone 4,002 26 E4 8,741 57E4 24,413 16E3
1,1-dichloroethene 60 39E-6 14 8 9 E-7 38 25E-6
1,1-dichloroethane 298 19E5H 255 17E5H 711 47EH
1,2-dichloroethene (total) 3,348 22E4 523 34E5 1,460 96E5
chloroform 6,901 45E4 967 6 3E5 2,701 18E4
1,2-dichloroethane 1,053 69ESH 1,726 11E4 4,818 32E4
carbon tetrachionde 011 6 9E-9 2 16E7 7 45E-7
tnichloroethene 998 6 5E5 3 21E7 9 5§7E7
1,1,2-tnchioroethane 29 19E6 ND NA ND NA
|benzene 68 45E-6 993 6 5E5 2,774 1 8E-4
tetrachlororethene 499 33E5 ND NA ND NA
larsenic 2 14E-7 3 17E-7 7 4 8 E-7
chromium ND NA 1 74E-7 3 21E6
Notes

ND = Not Detacted

NA = Not Analyzed

(1) Exposure concentrations based on groundwater contaminant transport modehing and minang with surface waters (Appendix A)

(2) CDI = {{Exposure Conc ) x (total exposure time) x (ingestion rate))

{(body weight) x {averaging time))

(For valuas uged in calculating CD|, see Table 3-5)
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TABLE 34 (Cont.)
Calculated Exposure Concentrations and intake Dose Rates
Media Surface Water
Exposure Time: Future
Exposed Population: Residential
Exposure Pathway: Dermal contact with chemicals in surface water durning swimming
EXPOSURE POINT
Chemical South Pond East Pond East SIough
Compound Exposure Absorbed Exposure Absorbed Exposure Absorbed
Concentration Dose Concentration Dose Concentration Dose
gl (1) | (mohkgdayi@ ¥ ugh [ (mgkgday) |  ugh | (moigday) |

viny! chlonde 383 70E5 366 67E5 1,022 19E4
methylene chlonde 2,294 33E4 287 41E5 803 1.1E4
acetone 4,002 46E3 8,741 10E-2 24,413 2.8 E-2
1,1-dichloroethene 60 15E5 14 33E6 38 9.2E86
1,1-dichloroethane 298 365E4 255 30E4 711 82E4
1,2-dichloroethene (total) 3,348 36E3 623 57E4 1,460 16E3
chloroform 6,901 52E-3 967 72E4 2,701 20E3
1.2-dichloroethane 1,063 62E4 1,725 85E4 4,818 24E3
carbon tetrachloride 0 5.7 E-9 2 13E7 7 38E7
tnchloroethene 998 21E-3 3 66 ES 9 18E5H
1,1,2-tnchloroethane 29 7 3E5 ND NA ND NA
benzene 68 74E5 993 11E3 2,774 3.0E3
tetrachlororethene 499 10E4 ND NA ND NA
arsenic 2 17E8 3 21E8 7 5 9E-8
chromium (] O00E+O 1 90E8 31 25E-7

ND = Not Detected

NA = Not Analyzed

(1) Exposure concentrations based on groundwater contaminant transport modeling and mixing with surface waters (Appendix A)

{2) CDI = [(Exposure Cone ) x (tots! exposure tme) x (body surface area) x (chemical permeability)]

{(body weight) x (averaging time}]

(For values used In calculatng CDI, ses Table 3-5)
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TABLE 34 (Cont.)
Calculated Exposure Concentrations and intake Dose Rates
Media: Fish
Exposure Time: Future
Exposed Population: Residental
Exposure Pathway: Ingestion of contaminated fish from surface water ponds
EXPOSURE POINT
Chemical South Pond East Pond East Slough
Compound Exposure Chronic Daily Exposure Chroruc Daily Exposure Chranic Daily
Concentration Intake {CDI) Concentration Intake (CDI) Concentration intake (CDI)
ugkg (1) {mg/kg-day} (2) ug/kg {mg/kg-day) ug/k (mg/kg-day)
viny! chioride 448 18E6 428 17E6 1,196 48E-6
imethylene chlonde 11,468 46Eb 1,437 6§ 7E-6 4,015 18E5H
acetone 4,002 16ES5 8,741 36E5 24,413 97ES5
1,1-dichloroethene 335 13E6 76 30E7 213 85 E7
1,1-dichloroethane 298 1.2E6 255 10E8 711 28E6
1,2-dichloroethene {total} 5,367 21EH 836 33E6 2,336 93E6
chloroform 25,879 10E4 3,626 14E5 10,129 40E-b
1,2-dichloroethane 1,263 50E6 2,070 8 2E6 6,782 23E5
carbon tetrachlonde 2 80E9 47 19E7 132 $2E7
trichloroethene 10,675 42E5 33 13E7 93 37E7
1,1,2-tnchloroethane 146 5 8 E-7 ND NA ND NA
|benzene 356 14E-6 5,164 21E5H 14,425 67E5
tetrachlororethene 15,457 62Eb ND NA ND NA
arsenic 93 37E7 116 4 6 E-7 321 13E6
Ichromlum ND NA 2,248 89E6 6,278 25E-5

Notes
ND = Not Detacted NA = Not Analyzed
(1) Exposure conc n fish tissue (ug/kg) = water conc (ug/L) x bioconcentration factor (L/kg) (Table 3-2)

(2) CDI = ((exposure conc ) x (weight of contanunatedfish consumed per year) x (axposure time (For values used in caiculating CDI, see Table 3-5)

[{body weight} x (averaging time)}
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As the DNAPL occurrence at the French Limited site 1s entirely below ground
surface and cannot release chemicals directly to the atmosphere under normal
conditions, the only potential direct atmospheric air exposure would be during
excavation or drilling operations associated with remedial actions iIn DNAPL areas.
As noted above, these activities are closely monitored and controlled so that the air
exposure pathway was not considered for these specific exposure scenarnos as part
of the Risk Evaluation.

3.6.4 Estimation of Chemical Intake

The methodology for calculating chemical-specific intakes for the populations and
exposure pathways selected for quantitative evaluation i1s described below.

Iculation of Groun nd Surf Water intakes

Potential future exposure to chemicals of concern in groundwater and surface water
by a residential population and through the following routes was identified.

1. Ingestion of contaminated groundwater used as a drninking water supply.

2. Inhalation of chemicals that may volathze from contaminated
groundwater used as a drinking water supply, (e.g during showering).

3. Incidental ingestion of contaminated surface water while swimming.
4. Dermal contact with contaminated surface water while swimming.
5. Ingestion of fish caught from contaminated surface water ponds.

For calculating intakes for these exposure routes, the appropriate varables listed in
the Human Health Evaluation Manual (EPA, 1989c) were generally used. The intake
equations and varnables values available for the five exposure pathways are included
in Appendix B. The results of the exposure intake calculations are summarized n
Table 3-4 and the values actually used in these calculations are summanzed in
Table 3-5.

For dnnking water intakes, the standard ingestion volume of 2 liters per day was
assumed for adults and 1 liter per day for children. The assumed exposure duration
was 30 years (the 90th percentile for time spent at one residence) for an adult and
10 years for a child.
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For inhalation of chemicals that may volatiize from contaminated groundwater
supplies, an inhalation rate of 0.6 m3 per hour and an exposure time of 12 minutes
per day (90th percentile for showering) was assumed. The exposure frequency
was assumed to be 365 days per year over a 30 year duration (the 90th percentile
for time spent at one residence).

As recommended by the Human Health Evaluation Manual Supplemental Guidance
"Standard Default Exposure Factors"™ (EPA, 1991a), the averaging time (AT) used
for each exposure pathway was equal to the 30-year exposure duration for
non-carcinogens and 70 years for carcinogens. In Table 3-4, Chronic Daily Intake
(CDI) calculations are based on the 70 year averaging time. Adjustments are made
for non-carcinogenic chemical intake in the Risk Characterization section (Section

5.0).

For incidental ingestion of surface water while swimming, an intake rate of O 05
liters per hour and an exposure time of 2.6 hours per day was assumed. The
exposure frequency was assumed to be 30 days per year over a 30 year duration
These values reflect the relatively hot ciimate of the area and the fact that older
adults are unlikely to swim in these ponds. For carcinogenic constituents the
averaging time of 70 years was used.

For dermal contact with surface water while swimming, the dermal permeability
values for specific chemicals hsted in the Intennm Guidance for Dermal Exposures
(EPA, 1991d) were used. Exposure times and durations are the same as noted
above for ingestion while swimming.

For ingestion of contaminated fish, an ingestion rate of 6.5 g/day (averaged over a
year) was assumed. It was also assumed that 10% of the total fish consumed
came from contaminated sources. The exposure duration was assumed to be over
30 years (the 90th percentile for time spent at one residence).

3.7 Combination of Chemical Intakes Across Pathways

The Reasonable Maximum Exposure (RME) at the site reflects the RME for a
pathway as well as the RME across pathways. A given population may be exposed
to a chemical from several exposure routes. For the varnous types of potential
intake pathways, the highest RME intakes were combined to calculate an exposure
that is a reasonable maximum across pathways. The combined risks associated
with exposure through multiple pathways are addressed in the Risk Characterization
in Section 5.0
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TABLE 3-5
Summary of Variables used in Exposure Calculations

Exposure Pathway Drinking Water (1) Inhalation (2)
While Showering
Intake Equation {(mg/kg-day) W x IR x EF x ED CA x IR x ET x EF x ED
BW x AT BW x AT
CW |Chemical concentration in water (mg/L) (3) -
CA |Contaminant concentration in air (mg/m3) -- (4)
IR |Ingestion rate (L/day) 2 --
IR |Inhalation rate (m3/hour) -- 0.6
ET |Exposure time (hours/day) - 0.2
EF |Exposure frequency (days/yr) 365 365
ED |Exposure duration (years) 30 30
BW |Body weight (kg) 70 70
AT |Averaging time (days) - carcinogens 25550 (70 yrs) 25550 (70 yrs)
Notes:
(1) See Appendix B-1 for more detalled summary of variables and sources of information
(2) See Appendix B-4 for more detalled summary of vanables and sources of information
(3) See Table 3-4 for concentrations of specific chemicals for each exposure scenario
(4) See Table 3-4 for concentrations of specific chemicals for each exposure scenario
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TABLE 3-5 (Cont.)
Summary of Variables used in Exposure Calculations
Exposure Pathway Ingestion Dermal Contact Ingestion
While Swamming (5) Whitle Swimmung (6} of Fish (7}
Intake Equation {mg/kg-day) CW xCR xET x EF x ED | CW CF x 1R x Fl x EF X ED
BW x AT BW x AT BW x AT
CW |Chemical concentration in water {mg/L) (8} (9) -
CR |Contact rate (L/hour) 005 - -
CF |Chemical concentration in fish (mg/kg) - - (11)
IR |ingestion rate (kg/day) (averaged over year) - - 0 0065
SA |Skin surface area available for contact [cm2) - 1940 -
PC |Chemical-specific dermal permeability - {10) -
constant {cm/hr)
Fl |Fraction ingested from contaminated source - - 01
(unitless)
ET |Exposure Time (hrs/day) 26 26 -
EF |Exposure frequency (days/yr) 30 30 365
ED |Exposure duration (years) 30 30 30
CF |Conversion factor for water {1 L/1000 cm3) - 0 001 -
BW |Body weight (kg) 70 70 70
AT |Averaging time (days) - carcinogens 25550 (70 yrs) 25550 (70 yrs) 25550 (70 yrs)
Notes
(5) See Appendix B-2 for more detailled summary of varniables and sources of information
(6) See Appendix B-3 for more detailled summary of vanables and sources of mformation
(7) See Appendix B-5 for more detailled summary of vanables and sources of information
(8) See Table 3-4 for concentrations of specific chemicals for each exposure scenario
(9) See Table 3-4 for concentrations of specific chemicals for each exposure scenario
{10}  See Table 3-2 for specific chemicals

{1

See Table 3-4 for concentrations of specific chemicais for eacn exposure scenario
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3.8 Evaluation of Uncertainty

The estimates of exposure described above are expected to be the maximum
exposures that can be reasonably expected to occur. This is because the values of
the most significant parameters that influence constituent transport in groundwater
were selected very conservatively. Consequently, the calculated intake
concentrations and the resulting risks are probably much higher than the average,
but within the realm of reasonable assumptions.

In particular, the following parameters and assumptions support the RME concept.

Hydrauhc Gradient For the dnnking water scenarios, the value of hydraulic gradient
was assumed to result from an aggressive groundwater dewatering operation that
induces a groundwater flow gradient towards the receptor. The magnitude of the
gradient is based on dewatering lowerning the natural potentiometric head by about
30 feet. This gradient is many times greater than natural groundwater flow
gradients but simulates the reasonable scenario of a gravel mining operation in the
vicinity of a receptor population. Also this assumption is conservative in the sense
that a gravel mining operation in this area would typically have a relatively short
duration of 5 to 10 years, while groundwater flow under gradients imposed by
these operations are assumed to be maintained for several times longer.

Natural Degradation Processes No natural degradation processes were assumed to
occur that would reduce the modeled concentration of groundwater constituents at

the receptor locations. This 1s the most conservative treatment of constituent fate
and transport and tends to over-estimate receptor intake concentrations at any
given time.

Transport Time Modeling indicates that constituents in groundwater reach receptor
locations at different times depending on thewr adsorption charactenstics. The
intake concentrations used in the Risk Evaluation were based on the maximum
concentration reaching the receptor, even though in some cases groundwater with
this concentration does not reach the receptor location for tens to hundreds of
years.

Intake Vanables For the Riverdale drinking water scenarios, transport in the INT
unit was modeled, as the potential DNAPL sources in the western site areas appear
to be exclusively within this unit. Domestic wells providing the drninking water at
the Riverdale receptor locations are assumed to tap only the INT interval containing
the contaminated groundwater. In reality, the well would likely tap the entire
alluvial sequence. The INT unit, because of its relatively low permeability, would
provide only a small percentage of the total well yield This i1s, again, the most
conservative treatment of constituent exposure and tends to over-estimate receptor
intake concentrations.
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I 3.9 Summary and Presentation of the Exposure Assessment Resuits

The results of the exposure assessment are summanzed in Tables 3-4 and 3-5.
These tables hst the estimated chemical-specific intakes for each pathway to a
residential population. This summary information only considers future potential
exposures as current conditions do not provide any reasonable exposure routes and,
hence, no nsk. Detalled calculations supporting the exposure concentrations and
intakes for each pathway are provided in Appendices A and B.

32 Apnl, 1994
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4.0 TOXICITY ASSESSMENT

This section provides basic toxicological information for the chemicals related to
DNAPL-impacted areas at the French Limited site. The toxicity assessment seeks
to develop the toxicity values used in characterizing the likelihood and/or severity of
adverse human health effects associated with hypothetical chemical exposures.
The results of the toxicity assessment are combined with the exposure assessment
(Section 3.0) to charactenze potential risks (Section 5.0). Definitions used in this
section are included at the beginning of the report.

4.1 Background

EPA has performed the toxicity assessment step for numerous chemicals and has
made available the resulting toxicity information and toxicity values, which have
undergone extensive peer review. The latest information on toxicity of specific
chemicals 1s accessible through a computerized database known as the Integrated
Risk Information System (IRIS). IRIS is an EPA data base containing up-to-date
health nsk and EPA regulatory information for numerous chemicals. IRIS contains
only toxicological reference data (RfDs, slope factors, unit nisks, etc.) that have
been verified by the relevant EPA Work Groups and, consequently, i1s the preferred
source of toxicity information. Information in IRIS supersedes all other sources.
Only when information was not available in IRIS were other sources consulted.

Toxicological data in IRIS were reviewed for all chemicals related to DNAPL-
impacted areas at the site. These DNAPL-related chemicals were identified from
chemical data from DNAPL, soil and groundwater samples collected at the site as
reported in the DNAPL Study Field Data Report (AHA, November, 1993) as well as
other groundwater monitoring data from the site. Maximum concentrations of
chemicals detected in these media are summarized in Tables 2-2 and 2-3 in Section
2 of this report. Chemicals were included in these tables if they were detected in
DNAPL, or If they were detected in soil or groundwater in the DNAPL-impacted
areas of the site, outside the sheetpile cutoff wall. Although this approach may
have resulted in retaining chemicals that are not related to DNAPL, it 1s
conservative and reasonable given the relatively high detection imits for certain
chemicals in the DNAPL analyses due to matrix interference and the hmited
information on background concentrations for metals!.

1 Arsenic was detected at concentrations of 20 pg/l in wells FLTG-4 and FLTG-13 which are thought
to represent background conditions Maximum arsenic concentrations of 103, 10 and 40 pgA
were detected in the INT-West, S1-16 and S1-13 areas respectively (Table 2-3) Despite
observed groundwater concentrations that are only shghtly elevated above background values,
arsenic 1s retained in the toxicity assessment because of the relative risks it contnbutes
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The chemicals in Tables 2-2 and 2-3 were retained for toxicity assessment and for
fate and transport assessment. Chemicals of Potential Concern were subsequently
determined from this list following a concentration-toxicity screen, an evaluation of
the carcinogenic weight-of-evidence and an evaluation of chemical fate and
transport properties including mobility, solubility, persistence, bioaccumulation, etc.

The toxicity assessment for constituents related to DNAPL-impacted areas of the
French Limited Site contains two components:

o Hazard Identification, which i1s the process of determining whether exposure
to an identified chemical can cause an increase in the incidence of a
particular adverse health effect (e.g., cancer, birth defect) and whether the
adverse heaith effect is hkely to occur in humans.

o Dose-Response Evaluation, which i1s the process of quantitatively evaluating
the toxicity information and characterizing the relationship between the dose

of the contaminant administered or received and the incidence of adverse
health effects in the exposed population.

From this quantitative dose-response relationship, toxicity values (e.g., reference
doses and slope factors) are derived that are used to estimate the incidence or
potential for adverse effects as a function of human exposure to DNAPL-denved
chemicals. The toxicity information regarding the development of the dose-
response relationships and uncertainty factors which have been verified by EPA are

included in the IRIS data base.

Several chemicals do not have venfied toxicity values (slope factors and RfDs) in
the IRIS data base, but are found in relatively high concentrations in DNAPL, soil
and/or groundwater. These chemicals are wvinyl chloride, 1,1-dichloroethane,
trichloroethene, and naphthalene. The most recent "Health Effects Assessment
Summary Tables"” (HEAST) (EPA, 1993)2 were reviewed to provide toxicity values
necessary to evaluate, quantitatively, contrnibution to nsk from these chemicals
Toxicity values for carcinogenic effects for trichloroethene and naphthalene were
not available from EPA (1993) because the weight-of-evidence classification for
these chemicals is under review. However, slope factors previously published In
HEAST (EPA, 1992 for naphthalene and EPA, 1990 for tnichloroethene) were used
for risk calculations. For the remaining chemicals, for which information was not
avallable from EPA to evaluate quantitatively, the contributions to nsk were
identified and the results are discussed in Section 4.7.

2 Toxicity information were obtained from EPA, 1993 "Health Effects Assessment Summary
Tables”, OERR PB93-921199. The quarterly Health Effects Assessment Summary Tables
(HEAST) provide toxicity information in tabular format and includes chemicals that have not been
venfied by EPA for inclusion in IRIS
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4.2 Hazard Identification

Hazard Identification involves characterizing the nature and strength of the evidence
of causation. In hazard identification, chemical contaminants are separated into
two categories of chemical toxicity: (1) chemicals which have noncarcinogenic or
systemic effects; and (2) chemicals which exhibit the potential for carcinogenic
effects in humans. Some chemicals produce effects in both categories. This I1s
discussed further in Section 4.6.

4.2.1 Hazard Identification for Noncarcinogenic Effects

For chemicals that exhibit noncarcinogenic (e.g. systemic) effects, many authorities
consider organisms to have repair and detoxification capabilities that must be
exceeded by some critical concentration (threshold) before the health effect i1s
manifested. This threshold value can be tolerated by the organism without an
appreciable nsk of adverse effects.

Noncarcinogenic or systemic effects may include effects on specific organs or
systems, such as the kidney (nephrotoxicants), the liver (hepatotoxicants}, the
nervous system (neurotoxicants), the lungs (pulmonary toxicants), and reproductive
toxicants. Health criteria for chemicals exhibiting noncarcinogenic effects for use in
nsk assessments were developed using USEPA oral reference doses (RfDs)
developed by the RfD Work Group and reported in the IRIS database. The toxicity
profiles for the identified chemicals detected in DNAPL-impacted areas are
presented in IRIS and are summarized in Section 4.3. The toxicity profiles in IRIS
describe the potential effects of acute and chronic exposure to these chemicals.

4.2.2 Hazard ldentification for Carcinogenic Effects

For chemicals that exhibit carcinogenic effects, most authorities recognize that one
or more molecular events can evoke changes in a single cell or a small number of
cells that can lead to tumor formation. This 1s the non-threshold hypothesis for
carcinogens in the absence of information concerning the mechanisms of action for
the chemical.
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EPA has developed a carcinogen-classification system (EPA, 1986a) using weight-
of-evidence to classify the likelihood that a chemical is a human carcinogen. The
available information from epidemiological evidence (human health studies) and
evidence from controlled animal studies have been evaluated by EPA to determine
the hkelihood that the agent is a human carcinogen. The evidence 1s characterized
separately for human studies and animal studies as sufficient, imited, inadequate,
no data, or evidence of no effect. The characterizations of these two types of data
are combined, and based on the extent to which the agent has been shown to be a
carcinogen in experimental animals or humans, or both, the agent i1s given a
provisional weight-of-evidence classification. EPA scientists then adjust the
provisional classification upward or downward, based on other supporting evidence
of carcinogenicity.

The EPA classification system for weight of evidence 1s shown in Table 4-1. This
system is adapted from the approach taken by the International Agency for
Research on Cancer (IARC 1982).

TABLE 4-1

EPA Weight-Of-Evidence Classification System
For Carcinogenicity

Group Description
A Human carcinogen
B1 Probable human carcinogen - limited human data available
B2 Probable human carcinogen - sufficient evidence in animal

and inadequate or no evidence in humans

C Possible human carcinogen
D Not classifiable as to human carcinogenicity
E Evidence of non-carcinogemicity for humans

EPA waeight-of-evidence carcinogenic classifications for chemicals detected in
DNAPL-impacted areas of the French Limited site are indicated in Table 4-2.
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TABLE 4-2

Toxicity Information for Chemicals Detected in DNAPL-Impacted Areas (1)

Chemical Name CAS # Oral inhalation | Carc. | Oral Oral Oral inhal. inhalation Inhalation | Notes
RiD RIC Class |Class Slope Unit Class Slope Unit
Factor Risk Factor Risk
{mg/kg-day)| (mg/m3) (2) (mg/kg-day) -1] (per ug/L) (mg/kg-day) -1| (per ug/m3)
Volatiles
chlioromethane 74-87-3 (o C 13E2 3.7 €7 C 6.3 E-3 18E8 3)
vinyl chlonde 75-01-4 A A 19E+0 5.4 E-5 A 29E1 8.4 E-5 4)
chloroethane 75-00-3 10E+1
methylene chlonde 75-09-2]{ B6.0E-2 [30E+0(4) B2 B2 7 5E-3 2.1 E-7 B2 1.6 E3 4.7 E-7
acetone 67-64-1] 1.0 E-1 D
1.,1-dichloroethene 75-35-4] 90E-3 C C 6 0 E-1 17E5 (4 1.8 E-1 5.0E-5
1,1-dichloroethane 75-34-3| 1.0 E-1 5 E-1 (4) C 4)
cis-1,2-dichloroethene 156-59-2] 1.0 E-2 D (4)
trans-1,2-dichloroethene 156-60-5| 2.0 E-2
chloroform 67-66-3| 10E-2 B2 B2 61E-3 17E7 B2 81E2 23 E-5
1,2-dichlorosthane 107-06-2 B2 B2 91E-2 26E-6 B2 91E-2 2.8 E-5
2-butanone 78-93-3| 8.0 E-1 1.0E+1 D
carbon tetrachlonde 56-23-5] 7.0 E-4 B2 B2 1.3 E1 37E86 B2 53 E2 156E5
vinyl acetate 108-05-4]11 0E+0(4)] 20E-1
tnchioroethene 79-01-6 B2 11E-2 3.1E7 B2 17E2 4.8 E-6 (5)
1,1,2-tnchioroethane 79-00-5] 40E-3 C C 57E-2 1.6 E6 C 56E2 16E5
benzene 71-43-2 A A 29 E-2 8.3 €7 A 29E2 8.3 E-6
4-methyl-2-pentancne 108-10-1
tetrachlororethene (PCE) 127-18-4] 10E-2 B2 51E-2 1.5E8 B2 3.3E3 9.4 E-7 (5
1,1,2,2-tetrachloroethane 79-34-5 Cc C 2.0 E-1 5.8 E-6 Cc 2.0 E-1 5.8 E-5
toluene 108-88-3] 2.0 E-1 4,0 €1 D
ethylbenzene 100-41-4] 10E-1 10E+0 D
xylene 1330-20-7] 2.0E+0 D
(1) All toxicological data obtained from IRIS database (as of Apnl, 1994) unless otherwise noted
(2) For Carcinogen Class explanation see Table 4-1
(3) Obtaned from US EPA, "Health Effects Assessment Summary Tables,” Supplement No 1 to Meroh 1993 Annual Update, OERR PB93-921101 July, 1993
(4) Obtained from US EPA, "Health Effects Assessment Summary Tables,” Annual, FY-1983, OERR PB93-921199 March, 1993
(5) Obtained from U S EPA, "Heaith Effacts Assessment Summary Tables,” Fourth Quarter, FY-1990, OSWER PB90-921104
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TABLE 4-2 (Cont.)

Toxicity Information for Chemicals Detected in DNAPL-Impacted Areas (1)

Chemical Name CAS # Oral Inhalation | Carc { Oral Oral Oral Inhal Inhalation Inhalation | Notes
RfD RfC Class |Class Slope Unit Class Slope Unit
Factor Risk Factor Risk
(mg/kg-day)|{ (mg/m3) {2) (mg/kg-day) -1| (per ug/l) (mg/kg-day) -1| (per ug/m3)
Semi-Volatiles
phenol 108-95-2] 6 0 E-1 D
2-methylphenol 95-48-7] 50E2 (o]
4-methylphenol 106-44-5] 5.0E-3 Cc (4)
hexachloroethane 67-72-1| 1.0E-3 C C 1.4 E-2 4.0 E-7 C 14 E-2 40E-6
2-4-dimethylphenol 105-67-8] 20E-2
1,2,4-tnichlorobenzene 120-82-11 10E2 D
naphthalene 91-20-3] 40E-2 D (6)
hexachlorobutadiene 87-68-3| 2 0 E-4 (3) C C 77E-2 22E6 Cc 77E-2 22E5
2-methylnaphthalene 91-567-6
acenaphthylene 208-96-8 D 7))
acenaphthene 83-32-9] 60E-2
dibenzofuran 132-64-9 D (n
fluorene 86-73-7| 40E-2 D
hexachlorobenzene 118-74-1] 80E4 B2 B2 16E+0 46 E-5 B2 16E+0 46 E-4
phenanthrene 85-01-8 D (7
anthracene 120-12-7 3 0E-1 D
fluoranthene 206-44-0| 4.0E-2 D
pyrene 129-00-0] 30E-2 D
benzo{A)anthracene 56-55-3 B2
bis(2-ethylhexyl)phthalate 117-81-7| 20E-2 B2 B2 14E-2 40 E-7
chrysene 218-01-9 B2 (7)
benzo(B)fluoranthene 205-99-2 B2
benzo(A)pyrene 50-32-8 B2 B2 74E+0 21E4
indeno(1,2,3-CD)pyrene 193-39-5 B2
dibenzo(A, H)anthracene 53-70-3 B2
benzo(GHI}perylene 191-24-2 D

(1) All toxicological data obtained from IRIS database (as of Apnl, 1994) unless otherwise noted

(2) For Carcinogen Class explanation see Table 4-1

{4) Obtained from U S EPA, "Health Effects Assessment Summary Tables,” Annual, FY-1993, OERR PB93-921199 March, 1993
(6) Obtained from US EPA, "Health Effects Assessment Summary Tebles,” Annual, FY-1992, OERR 9200 8-303(92)
{7) Avamlable date inadequate for quantitative nsk assessment (HEAST, 1993)
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TABLE 4-2 (Cont.)

Toxicity Information for Chemicals Detected in DNAPL-Impacted Areas (1)

Chemical Name CAS # Oral Inhalation | Carc | Oral Oral Oral Inhal. Inhalation Inhalation | Notes
RfD RfC Class | Class Slope Unit Class Slope Unit
Factor Risk Factor Risk
(mg/kg-day)| (mg/m3) {2) img/kg-day) -1] (per ugh) (mg/kg-day) -1} (per ug/m3)
Pesticides
alpha-BHC 319-84-6 B2 B2 63E+0 18E4 B2 63E+0 18E3
beta-BHC 319-85-7 Cc C 18E+0 53E-5 C 18E+0 53E4
deita-BHC 319-86-8 D (7)
gamma-BHC (Lindane) 319-89-9] 30E4
aldrin 309-00-2] 3 0E-5 B2 B2 1.7E+1 49E4 B2 17E+1 49 E-3
4,4 DDE 72-55-9 B2 B2 3 4E1 97E-6
endrin 72-20-8] 3.0E-4 D
endrin aldehyde 7421-93-4
heptachlor 76-44-8] SOE-4 B2 B2 46E+0 13E4 B2 46E+0 13E3
PCB 1336-36-3 B2 B2 7.7E+0 2.2E4
Metals
arsenic 7440-38-2] 30E4 A A 18E+0 S50E-5 A |B50E+1 (4) 4 3 E-3
chromum () 8540-29-9| 5.0 E-3 42E+1 1.2 E-2 (8)
copper 7440-50-8 {9)
zinc 7440-66-6] 3 0 E-1 D

(1) All toxicological data obtained from IRIS database (as of Apnl, 1994) unless otherwise noted
{2) For Carcinogen Class explanation ses Table 4-1
{4) Obtaned from U'S EPA, "Health Etfects Assessment Summary Tebles,” Annual, FY-1993, OERR PB93-921199 March, 1993
{7) Available data inadequate for quantitative nsk assessment (HEAST, 1993)
(8) Values are for hexavalent chromium
(9) No velus for chronic RfD Current dnnking water standard for copper 18 1 3 mg/L
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4.3 Dose-Response Evaluation for Noncarcinogenic Effects

A reference dose, or RfD, is the critical toxicity value used in evaluating the dose-
response relationship for noncarcinogenic effects resulting from exposures at the
site. Additionally, One-day or Ten-day Health Advisones (HAs) may be used to
evaluate short-term oral exposures. The methods used for developing RfDs and
HAs are described below. Vanous types of RfDs are available depending on the
exposure route (oral or inhalation), the cntical effect (developmental or other), and
the length of exposure being evaluated (chronic, subchronic, or single event).

A chronic RfD is defined as an estimate (with uncertainty spanning perhaps an order
of magnitude or greater) of a dally exposure level for the human population,
including sensitive subpopulations, that i1s likely to be without an appreciable risk of
deleterious effects during a hfetime. Chronic RfDs are specifically developed to be
protective for long-term exposure to a compound. The RfD is generally expressed in
units of milligrams per kilogram of body weight per day (mg/kg/day).

Subchronic RfDs (RfDgs), are useful for charactenzing potential noncarcinogenic
effects associated with shorter-term exposures. Chronic RfDs were used in this
assessment since they provide more conservative results.

4.3.1 Derivation of an Oral RfD (RfDg)

Oral RfDs are generally denved from epidemiological (human health effects) studies
or controlled animal studies. Uncertainty factors and modifying factors are used to
derive RfDs from the No Observed Adverse Effects Level (NOAEL) or the Lowest
Observed Adverse Effect Level (LOAEL) in animal studies. The larger these factors
are, the more uncertainty 1s associated with the RfD.

The RfD 1s derived from the NOAEL (or LOAEL) for the cnitical toxic effect by
consistent application of uncertainty factors (UFs) and a modifying factor (MF). The
uncertainty factors generally consist of multiples of 10 (although values less than
10 are sometimes used), with each factor representing a specific area of
uncertainty inherent in the extrapolation from the available data. The bases for
application of difference uncertainty factors are explained below.

e A UF of 10 is used to account for vanation in the general population and is
intended to protect sensitive subpopulations (e.g., elderly, children)

e A UF of 10 1s used when extrapolating from animals to humans. This factor
1s intended to account for the interspecies variability between humans and
other mammals.
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e A UF of 1018 used when a NOAEL derived from a subchronic instead of a
chronic study is used as the basis for a chronic RfD.

e A UF of 10.1s used when a LOAEL is used instead of a NOAEL. This factor
is intended to account for the uncertainty associated with extrapolating from
LOAELs to NOAELs.

In addition to the UFs listed above, a modifying tactor {MF) is applied.

e An MF ranging from >0 to 10 1s included to reflect a qualitative professional
assessment of additional uncertainties, in the cnitical study and in the entire
data base, for the chemical not explicitly addressed by the preceding
uncertainty factors. The default value for the MF 1s 1.

To calculate the RfD, the appropriate NOAEL (or the LOAEL if a suitable NOAEL is
not available) 1s divided by the product of all of the applicable uncertainty factors
and the modifying factor as follows:.

RfD = NOAEL or LOAEL/(UFy x UF, x MF)

Oral RfDs typically are expressed as one significant figure in units of mg/kg-day.
These concepts are shown graphically in EPA (1989c). To date, most RfDs
developed by EPA are based on administered doses, not absorbed doses.

The toxicity information used in developing RfDs for chemicals detected in
DNAPL-impacted areas of the French Limited site are included in the toxicity profiles
provided in IRIS. Oral reference doses for these chemicals are listed in Table 4-2.
The primary source of the RfD values in Table 4-2 was the IRIS database. If values
were not available in IRIS, then the most recent HEAST values (EPA, 1993) were
used, as noted in Table 4-2. For naphthalene, the RfD value from the 1992 HEAST
manual was used, as noted in Table 4-2, as there was no reported RfD value in the
IRIS or the 1993 HEAST.

Results of chemical analyses of subsurface media at the site report both
trans-1,2-dichloroethene and cis-1,2-dichloroethene as total 1,2-dichloroethene.
The oral RfD for trans-1,2-dichloroethene from IRIS 1s used in this assessment for
1,2-dichloroethene because the RfD for cis-1,2-dichloroethene 1s under review by
EPA (HEAST, 1993) and its current value 1s lower than that of
trans-1,2-dichlorosthene.
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4.3.2 Derivation of an Inhalation RfD

The methods EPA uses in the derivation of inhalation RfDs are similar in concept to
those used for oral RfDs. However, the actual analysis of inhalation exposures is
more complex than oral exposures due to (1) the dynamics of the respiratory
system and its diversity across species and (2) differences in the physicochemical
properties of contaminants.

Although in theory the identification of the critical study and the determination of
the NOAEL is similar for oral and inhalation exposures, several important differences
should be noted. In selecting the most appropriate study, EPA considers
differences in respiratory anatomy and physiology, as well as differences in the
physicochemical characteristics of the contaminant. Differences In respiratory
anatomy and physiology may affect the pattern of contaminant deposition in the
respiratory tract, and the clearance and redistribution of the agent. Consequently,
two different species may not receive the same dose of the contaminant at the
same locations within the respiratory tract even though both species were exposed
to the same particle or gas concentration. Differences in the physicochemical
characternistics of the contaminants, such as the size and shape of a particle, also
influence deposition, clearance, and redistribution.

In inhalation exposures, the target tissue may be a portion of the respiratory tract
or, if the contaminant can be absorbed and distributed through the body, some
extra-respiratory organ. The toxic health effect observed may be more directly
related to the pattern of deposition than to the exposure concentration, because the
pattern of deposition may influence concentrations at the alveolar exchange
boundary or different tissues of the lung. Consequently, EPA considers the
deposition, clearance mechanisms, and the physicochemical properties of the
inhaled agent in determining the effective dose delivered to the target organ.

The inhalation RfD 1s denved from the NOAEL by applying uncertainty factors (UFs)
similar to those listed above for oral RfDs. The UF of 10 1s used when extrapolating
from animals to humans, in addition to calculation of the human equivalent dose, to
account for interspecific variability in sensitivity to the toxicant. The resulting RfD
value for inhalation exposure i1s, generally, reported as a concentration in aiwr or
Reference Concentration (RfC) (in mg/m3 for continuous, 24 hour/day exposure)
although it may also be reported as a corresponding inhaled intake (in mg/kg day)
A human body weight of 70 kg and an inhalation rate of 20 m3/day are used to
convert between an inhaled intake expressed in units of mg/kg-day and a
concentration in air or RfC expressad in mg/m3.
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The toxicity information used in developing inhalation RfCs for chemicals detected
in DNAPL-impacted areas of the site are included in the toxicity profiles provided in
IRIS. Inhalation reference concentrations for DNAPL-related chemicals from IRIS
are listed in Table 4-2. The source of the inhalation RfCs in Table 4-2 is the IRIS
database unless otherwise noted.

4.3.3 One-Day and Ten-Day Health Advisories

Reference values that may be useful for evaluating potential adverse effects
associated with oral exposures of shorter duration have been developed by the
Office of Drninking Water. These values are known as One-day and Ten-day Health
Adwvisories, which are issued as nonregulatory guidance. Health Advisory values are
concentrations of contaminants in drinking water at which adverse health effects
would not be expected to occur for an exposure of the specified duration. The
Health Advisory values are based on data describing noncarcinogenic effects and
are denved by dividing a NOAEL or LOAEL by the appropriate uncertainty and
modifying factors. They are based on the assumption that a 10-kg child drinks one
hter of water per day. A margin of safety is included to protect sensitive members
of the population. One-day and Ten-day Health Advisories do not consider any
carcinogenic risk associated with the exposure even if the compound i1s a potential
carcinogen.

The One-day and Ten-day Health Adwvisory values for DNAPL-related chemicals at
the site are summarnzed in Table 4-3 along with pertinent environmental and

dninking water cnitena.

4.4 Dose-Response Evaluation for Carcinogenic Effects

While the carcinogenic hazard identification generally relies on a weight-of-evidence
evaluation of all avallable information from epidemiological evidence (human health
studies) and results of controlled animal studies to determine the likelihood that the
agent is a human carcinogen, the dose-response relationships for those chemicals
exhibiting carcinogenic effects are generally derived from expenmental studies on
animals. Current EPA guidelines recommend the use of a lineanzed multistage
model, when appropriate, for extrapolating from the high exposure levels used in
animal experiments to low exposure levels typical of environmental exposures (EPA,
1989c). The model assumes that there is no threshold for carcinogenesis. The
toxicity value used to describe the dose-response relationship for carcinogenic
chemicals 1s called the slope factor.
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TABLE 4-3

Health Advisories, Environmental and Drinking Water Criteria

Chemical Name 1-Day 10-Day Water Aquatic Aquatic MCLG MCL
HA HA and Fish Acute Chronic
{mg/L) (mg/L) (ug/L) (ug/l) (ug/L) (mg/L) (mg/L)
{1) (1) 2 3 3 (4) (5)
Volatiles
chloromethane
vinyl chiornide
chloroethane 860,000 230,000
methylene chionde 133 1.5 019 11,000 0 0.005
acetone
1,1-dichloroethene 0033 11,600 0.007 0 007
1,1-dichloroethane
c1s-1,2-dichloroethene 0033 11,600 007 0.07
trans-1,2-dichioroethene 11,600 0.1 01
chloroform 019 28,900 1,240 01
1,2-dichloroethane 094 18,000 20,000 0 0.005
2-butanone
carbon tetrachlonde 4 016 04 35,200 0 0 005
vinyl acetate
trichloroethene 27 45,000 21,900 0 0 005
1,1,2-tnchloroethane 06 0.4 086 18,000 9,400{ 0.003 0.005
benzene 0 235 066 5,300 0 0 005
4-methyl-2-pentanone
tetrachlororethene 2
1,1,2,2-tetrachloroethane 0.17 9,320 2,400
toluene 20 3 14,300 17,500 1 1
ethylbenzene 32 32 1,400 32,000 07 0.7
lene 10 10

(1) Dnnlung Water Health Advsory

(2) Recommended water quslity cntena when exposure is via ingestion of water and equatio orgenisms

Usually assoolsted with upper-bound excess hfetime nsk of 1 OE-8 EPA, Cntena and Standards Division, OWRS

{3) Recommended water quelity oritena for aquatic organisms

EPA, Crteria and Standards Division, OWRS

(4) Maximum Contaminant Level Goal for dnnking water EPA, Heaslth and Ecological Criterla Divislon, OST
(5) Maximum Contaminant Level Critena for drinking water EPA, Drinking Water Standards Division, OGWDW
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TABLE 4-3 (Cont.)

Health Advisories, Environmental and Drinking Water Criteria

Chemical Name 1-Day 10-Day Water Agquatic Aquatic MCLG MCL
HA HA and Fish Acute Chronic

{mp/L} {mg/L} {fug/L) fug/L) {ugh) (mgAL) (mp/L)
Semi-Volatiles
phenol 3,500 10,200 2,560
2-methylphenol
4-methylphenol
hexachloroethane 19 980 540
2-4-dimethylphenol 2,120
1,2,4-tnchlorobenzene 250 50 0 009 0 009
naphthalene 2,300 620
hexachlorobutadiens 03 045 90 9
2-methyinaphthalene
acenaphthylene 0 0028
acenaphthene
dibenzofuran
fluorene 0 0028
hexachlorobenzene 0 00072 06 368 0 0 001
phenanthrene 0 0028 30 63
anthracene 00028
fluoranthene 42 3,980
pyrene 0.0028
benzo(A)anthracene 0 0028 (0] 0 0002
bis{2-ethylhexyl)phthalate 15,000 400 360 0 0 004
chrysene 0.0028 0 0 0002
benzo(B)fluoranthene 00028 0 0 0002
benzo(Alpyrene 0 0028 0 0 0002
indeno(1,2,3-CD)pyrene 0 0028 0 0 0002
dibenzo(A,H)anthracene 0 0028 0 0 0002
benzo(GH!)perylene 00028

{1 Dnnlang Watar Heaith Adwisory
(2) Recommended water quality cntera when exposure is via Ingestion of water and aquatic organisms

Usually associated with upper-bound excess lifetime nsk of 1 OE-8 EPA, Cntena and Standards Divigsion, OWRS
{3) Recommended water quahity critena for aquanc organisms EPA, Cntena and Standards Division, OWRS
(4) Maximum Contaminant Level Goal for dnnking water EPA, Health and Ecological Cntena Division, OST
{8} Mamuamum Contarminant Level Cntena for dnnking water EPA, Dnnking Water Standards Divison OGWDW
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TABLE 4-3 (Cont.)

Health Advisories, Environmental and Drinking Water Criteria

Chemical Name 1-Day 10-Day Water Aquatic Aquatic MCLG MCL
HA HA and Fish Acute Chronic
{mg/L) (mg/L) (ug/L) (ug/L} (ug/L) (mg/L) {mg/L)

F’;stlcldes
alpha-BHC 0 0092 100
beta-BHC
deita-BHC
gamma-BHC (Lindane) 1 12
aldnn
4,4 DOE 1,050
endrin 1
endnn aldehyde
heptachlor 001 0 00028 052 0 0038 0 0 0004
PCB 0 000079 2 0014 0 0 0005
Moetals
arsenic 0 0022 360 190 005 005
chromium (6) 14 14 50 16 1 01 01
copper 13
2inc 120 110 5

{1) Dnnking Water Heaith Advisory
{2) Recommended water quality cntena when exposure is via ingestion of water and aguatic organisms
Usually associated with upper bound excess ifstime nsk of 1 OE-8 EPA, Cnteria and Standards Division, OWRS
{3) Recommended water quality cntena for aquatic orgamsms EPA, Cntena and Standards Division, OWRS
{4) Maximum Contaminant Level Goal for dnnking water EPA, Health and Ecological Cntena Division, OST
(5) Maximum Contarnunant Level Cntena for danking water EPA, Dnnking Water Standards Divimion, QGWOW
(6) All Health Adwsory values for chromium are based on total chromium (lil end V1)
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4.4.1 Slope Factors

Based on the determination of the Hazard Evaluation that the chemical 1s a known
or probable human carcinogen, a toxicity value is determined that defines
quantitatively the relationship between dose and response (1.e., the slope factor).
Slope factors are typically calculated for potential carcinogens in classes A, B1, and
B2 (Table 4-1). Quantitative estimation of slope factors for the chemicals in class C
proceeds on a case-by-case basis.

EPA's Carcinogen Assessment Group (CAG) has developed slope factors (1.e. dose-
response values) for estimating excess lifetime cancer risks associated with various
levels of ifetime exposure to potential human carcinogens. The slope factor 1s a
plausible upper bound estimate of the probability of a carcinogenic response per unit
intake of a chemical over a hifetime. The upper 95th percentile confidence limit
slope of the curve from the linearized multistage model of animal data 1s subjected
to an interspecies scaling factor to conservatively derive the slope factor for
humans. Slope factors are expressed as the inverse of miligrams of chemical per
kilogram of body weight per day (mg/kg-day)-l. In addition, there are varying
degrees of confidence in the weight of evidence for carcinogenicity of a given
chemical as descrnibed previously in Section 4.2.2.

Slope factors for use In nsk assessments are reported in the |RIS database. The
slope factor 1s a number which, when multiphed by the ifetime average daily dose
of a potential carcinogen, yields the upper bound hfetime excess cancer risk
associated with exposure at that dose. Excess lifetime cancer risks are generally
expressed, in scientific notation, in the form of probabiities. For example, an
excess lifetime cancer nisk of 10 (one in a million), represents the probability that
an individual will develop cancer as a result of exposure to a carcinogenic chemical
over a 70-year lifetime under specified exposure conditions.

Slope factors are accompanied by the weight-of-evidence classification to indicate
the strength of the evidence that the agent i1s a human carcinogen. The slope
factor from the linearized multistage model is also known as the qq. That s:

nsk per unit dose
risk per mg/kg-day

Slope factor (q4)

Where data permit, slope factors listed in IRIS are based on absorbed doses,
although to date many of them have been based on administered doses.
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4.4.2 Toxicity Values for Carcinogenic Effects

Toxicity values for carcinogenic effects can be expressed in several ways. They
can be expressed by the slope factor in (mg/kg-day)-!. Aiternatively, they can be
expressed in terms of nsk per unit concentration of the substance in the medium
where human contact occurs. These measures, called unit risks, are calculated by
dividing the slope factor by 70 kg (the average weight of an adult) and multiplying
by the inhalation rate (20 m3/day) for inhalation nsk assessment or the water
consumption rate (2 liters/day) for oral ingestion risk assessment. These unit nisk
values are equivalent to the inhalation risk associated with a unit concentration in
air and the oral ingestion risk associated with a unit concentration in water. Where
an absorption fraction less than 1.0 has been applied in deriving the slope factor, an
additional conversion factor 1S necessary in the calculation of unit risk, so that the
unit nsk will be on an administered dose basis.

The standardized duration assumption for umit nsks is understood to be continuous
lifetime exposure. Hence, when there is no absorption conversion required:

inhalation unit nsk = nsk per ug/m3
= slope factor x 1/70 kg x 20 m3/day x 10 3

oral unit risk = nsk per ug/L
= slope factor x 1/70 kg x 2L/day x 10-3

The multiplication by 10-3 is necessary to convert from mg (the slope factor, or q4.
1S given in (mg/kg-day)-1) to ug (the unit risk 1s given in (ug/m3)-1 or (ug/L)-1).

Inhalation and oral unit risk factors for chemicals detected in DNAPL-impacted areas
of the site are reported in Table 4-2. The source of these values i1s the IRIS
database unliess otherwise noted on Table 4-2. A notation of the EPA weight-of-
evidence classification has also been included with the unit nsk factors. Several
chemicals in Table 4-2 have risk factors obtained from HEAST as there 1S no value
available in IRIS. These toxicity values are under review by EPA and have not been
validated by EPA's Carcinogen Risk Assessment Verification Endeavor (CRAVE)
Work Group. Slope factors verified by CRAVE have undergone extensive peer
review and represent an Agency consensus. CRAVE-venfied review summaries
(similar to RfD Work group summaries) are entered into the IRIS data base.
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4.5 Dermal Exposure

No RfDs or slope factors are available for the dermal route of exposure. In some
cases, however, noncarcinogenic or carcinogenic risks associated with dermal
exposure can be evaluated using an oral RfD or oral slope factor, respectively. In
bnef, exposures via the dermal route generally are calculated and expressed as
absorbed doses. These absorbed doses are compared to an oral toxicity value that
has been adjusted, if necessary, so that it too is expressed as an absorbed dose.

It 1s inappropriate to use the oral slope factor to evaluate the rnisks associated with
dermal exposure to carcinogens such as benz(a)pyrene, which cause skin cancer
through a direct action at the point of application. These types of skin carcinogens
and other locally active compounds must be evaluated separately from the above
method. Generally, only a qualitative assessment of risks from dermal exposure to
these chemicals i1s possible. This does not apply to carcinogens such as arsenic,
which are believed to cause skin cancer through a systemic rather than local action.

4.6 Summarization of Toxicity Information and Identification of Potential
Contaminants of Concern

Summanes of the available toxicity values for all chemicals detected In
DNAPL-impacted areas of the site are provided in Tables 4-2 and 4-3. EPA's
weight-of-evidence classification is included on Table 4-2.

Maximum concentrations of these chemicals in various media at the site are
summarized in Table 2-2. Maximum concentrations of these chemicals In
groundwater in the four source areas are summarnized in Table 2-3. Some of these
chemicals are present in soil and groundwater at very low concentrations that are
not expected to be toxic. Others are found only in the DNAPL, or DNAPL-impacted
soil, and not found in groundwater. These chemicals would only pose a risk upon
exposure during excavation or dnlling activities. As noted in Section 3.5.1, direct
exposure to DNAPL and DNAPL-impacted soils via dermal contact, incidental
ingestion or inhalation of volatilized compounds is controlled or prevented by local
conditions. These are therefore not considered realistic potential exposure
pathways in this Risk Evaluation.

Guidance from EPA (1989c) was followed to reduce the hist of chemicals so that
the Risk Evaluation focuses on those chemicals that are expected to be the
significant contributors to the potential health rnsks. The reduction in the hst of
chemicals, and the resulting generation of the list of chemicals of potential concern
was accomphshed by (1) performing a concentration/toxicity screen and (2)
considering fate and transport characternstics of DNAPL-related chemicals.
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4.6.1 Concentration/Toxicity Screening

For noncarcinogenic risk screening, the maximum concentration of chemicals n
groundwater was multipled by an assumed consumption of 2 L of water per day
per 70 kg adult to obtain a dose rate. This dose rate was divided by the chronic
oral RfD to obtain the Noncancer Hazard Quotient as shown in Table 4-4 All
chemicals with a Noncancer Hazard Quotient equal to or greater than 1.0 were
retained based on the concentration/toxicity screen. The mobility and concentration
of these chemicals in groundwater at the French Limited site were then evaluated
as a second screening method as described in Section 4.6.2. Chemicals passing
both screenings were retained as potential chemicals of concern for this Risk
Evaluation (Table 4-5).

For potential carcinogens, the maximum concentration In groundwater was
multiplied by the oral unit risk to obtain the Cancer Risk as shown in Table 4-4.
The percent contribution to total cancer rnisk was calculated for each chemical, and
the chemicals ranked from highest to lowest as shown in Table 4-5. EPA (1989c¢)
suggests that chemicals individually contributing less than 1 percent of the total nsk
score may be deleted from further evaluation as chemicals of potential concern.
However, in this screen, chemicals individually contributing more than 0.1 percent
of the total nsk score were retained. In addition, benzene was retained, even
though 1t contributed slightly less than the 0.1% of the total carcinogenic risk,
because of the high concentrations, prevalence and mobility of this chemical in
groundwater at the site.

The eleven potential carcinogens which were retained for fate and transport
screening accounted for 99.78% of the total cancer rnisk based on maximum
concentrations measured in groundwater (Table 4-5). As indicated above,
chemicals that passed the toxicity screening were evaluated for fate and transport
characteristics as a second screening method (Section 4.6.2). Chemicals passing
both screenings were retained as potential chemicals of concern for this Risk

Evaluation (Table 4-5).

Even though the standard toxicity screening criteria are not met, it may be
reasonable to retain some semivolatile compounds on the basis of the implications
of the future selection of remediation alternatives. However, the concentrations of
semi-volatile compounds occurring in groundwater outside the floodwall at the
French Limited site is generally non-detectable or very low (Table 4-4). It is unhkely
that these low concentration values would influence the selection of a remedial
alternative based on treatment considerations.
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TABLE 4-4

Concentration/Toxicity Screening

Chemical Name Max. GW Dose Oral Noncancer Oral Cancer 1-Day 10-Day
Conc. Rate RfD Hazard Unit Risk Risk HA HA
(ug/L) (mg/kg/day) | (mg/kg/day) Quotient (per ug/L) (mg/L) (mgAL)
{1) (2) (3) (4) (3) (5) (6) (6)
Volatiles
chloromethane 12 34E4 37¢€7 4.4 E-6
vinyl chlonde 16,000 4.6 E-1 S54E5 8.6 E-1
chloroethane 15,000 4 3 E-1
methylene chlonde 43,581 12E+0 6 0 E-2 21E+1 2.1 E-7 92E-3 13.3 15
acetone 110,000 3 1E+0 10E1 3.1E+1
1,1-dichloroethene 1,800 51E2 90E3 57E+0 1.7E5 31E2
1,1-dichloroethane 33,000 94 E-1 1.0 E-1 94E+0
cis-1,2-dichloroethene 250,000f 7.1 E+0 10E-2 71E+2
trans-1,2-dichloroethene 250,000] 71E+0 20E-2 36E+2
chloroform 850,000] 24 E+1 10E-2 24E+3 1.7 E-7 14E1
1,2-dichloroethane 860,000 25E+1 2B6E-6 2.2E+0
2-butanone 4,400 1.3 E1 8 0 E-1 2.1 E11
carbon tetrachloride 110,000 31E+0 7.0 E4 45E+3 3 7E-6 4.1 E1 4 016
vinyl acetate 1,500 43 E-2 1.0E+0 43 E-2
tnchloroethene 18,957 5.4 E-1 31E-7 60E-3
1,1,2-tnchioroethane 556 16E2 40E-3 40E+0 1.6 E-8 89E4 0.6 04
benzene 3,800 11E1 8 3 E-7 3.2E3 0.235
4-methyl-2-pentanone 2,100 6 0 E-2
tetrachlororethene 20,146 5 8 E-1 10E-2 SB8E+1 15E6 29€E-2 2
1.1,2,2-tetrachloroethane 674 19E2 5 8 E-6 39E3
toluene 1,200 3.4E-2 20E1 17E-1 20 3
ethylbenzens 690f 20E-2 10E-1 2 0 E-1 32 32
xylene 1,533 4 4 E-2 20E+0 2 2E-2
{1} Ses Table 2-2
{2) Dose Rate assumes a consumption of 2 L of water per day per 70 kg adult
{3) See Table 4-2
(4) Noncancer Hazard Quotient = exposure level/reference dose
(5) Cancer Risk = concentration x unit nsk
(6) HA = Health Adwisory
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TABLE 4-4 (Cont.)

Concentration/Toxicity Screening

1A

Chemical Name Max GW Dose Oral Noncancer Oral Cancer 1-Day 10-Day
Conc Rate RfD Hazard Untt Risk Risk HA HA
{ug/L) (mg/kg/day) | {mg/kg/day) Quotient (per ug/L) {mg/L) (mg/L)
(1) {2) (3) {4) (3) (5) (6) (6}

Semi-Volatiles

phenol 1,200 34E-2 6 0 E-1 57E-2

2-methyiphenol 8 23E4 50E-2 46 E3

4-methylphenol 17 49 E-4 50E-3 9.7 E-2

hexachloroethane 140 40E3 10E-3 40E+0 40E7 56 E-b

2-4-dimethylphenol ND 20E-2 NA

1,2.4-tnichlorobenzene 7 20E-4 1.0 E-2 2.0 E-2

naphthalene 200 57E3 40E-2 14E1

hexachlorobutadiene ND 20E4 NA 22E6 NA 03

2-methyinaphthalene 14 40E4

acenaphthylene ND

acenaphthene 18 51E4 6 0 E-2 8 6 E-3

dibenzofuran 9 26E4

fluorene 13 37E4 40E-2 93E3

hexachlorobenzene ND 80 E-4 NA 46 E5 NA

phenanthrene 11 31E4

anthracene ND 3 0E-1 NA

fluoranthene 1 29E5 4 0E-2 71E4

pyrene ND 30E-2 NA

benzo{A)anthracene ND

bis{2-ethylhexyl)phthalate 46 1 3E3 20E-2 6 6 E-2 40E-7 18E-5

chrysene ND

benzo(B)fluoranthene ND

beno)A)pyrene ND 21E4 NA

indeno(1,2,3-CD)pyrene ND

dibenzo{A, H)anthracene ND

benzo(GHI)perylene ND

(1) See Teble 2-2

(2) Dose Rate assumes a consumption of 2 L of water per day per 70 kg adult
{3) See Table 4-2

4) N Hazard Q it = axposure lavel/reference dose

{5) Cancer Risk = concentration x unit nsk

{8) HA = Health Adwisory
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TABLE 44 (Cont.)

Concentration/Toxicity Screening

Chemical Name Max GW Dose Oral Noncancer Oral Cancer 1-Day 10-Day
Conc Rate RfD Hazard Unit Risk Risk HA HA
(ug/L} {mg/kg/day) | (mg/kg/day) Quotient (per ug/L) (mg/.} {mg/L}
{1) (2) {3) (4) {3} (5) (8) {6)

Pesticides

alpha-BHC 20 57E4 18E4 36E3

beta-BHC 7 20E-4 53E5H 37E4

delta-BHC 17 49 E-4

gamma-BHC {Lindane) 17 49E4 3.0E4 1.6E+0 1 12

aldrin 0.03 8 6 E-7 3.0E5 29E-2 49 E-4 15E-5

4,4 DDE 3 86 E5 97E6 29E5

endrin 5 14E4 3.0E-4 4 8 E-1

endrin aldehyde 29 83 E-4

heptachlor 01 29E6 50E4 57E3 13E4 13E5 001

PCB ND 22E4 NA

Metals

arsenic 103 29E-3 30E4 98E+0 5S0ES 52E-3

chromium (7) 434 12E-2 50E3 25E+0

copper 40 11E3 14 14

e 114 33E-3 30 E-1 11E-2

(1) See Table 2-2

{2) Dose Rate assumes a consumption of 2 L of water per day per 70 kg adult

(3) See Table 4-2

arvas"

{4) Noncancer Hazard Quotient = exposure level/reference dose

(5) Cancer Risk = concentration x unit nsk

(6) HA = Health Advisory

{7) RfD value i3 for hexa.alent chromium Al' Yealth Adwisory values are based cn total chromium (I} and V1)
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TABLE 4-5
Results of Toxicity and Fate/Transport Screening
Chemical Name Max GW | Maximum Percent | Cumulative | Noncancer | Retained
Conc Cancer of total Percent Hazard
{ug/L} (1) Risk (2) Risk of Risk | Quotient (2) {3)

Potential Carcinogens

1,2-dichloroethane 860,000] 22E+0 69 73% 59 73% Yes
vinyl chlonde 16,000f 86 E1 23 08% 82 80% Yes
carbon tetrachlonde 110,000F 4 1E-1 10 87% 93 68% 45E+3 Yes
chloroform 850,000 14E1 3 86% 97 54% 24E+3 Yes
1,1-dichloroethene 1,800 31E2 082% 98 35% 57E+0 Yes
tetrachlororethene 20,148 29E2 079% 99 14% 68E+1 Yes
methylene chionde 43,581 92E3 024% 99 38% 21E+1 Yes
trichloroethene 18,957 6 0E-3 016% 99 54% Yes
arsenic 103 52E3 014% 99 68% 98E+0 Yes
1,1,2,2-tetrachloroethane 674] 39E-3 010% 99 78% No
alpha-BHC 20| 36E-3 010% 99 88% No
benzene 3,800] 32E3 0 08% 99 96% Yes (4}
1,1,2-tnchloroethane 566] 89E4 0 02% 99 99% 40E+0 Yes (5)
beta-BHC 7] 37E4 001% 100 00% No
hexachloroethane 140 56 ES 0 00% 100 00% 40E+0 No (6)
4,4 DDE 3] 29E56 0 00% 100 00% No
bis(2-ethylhexyliphthalate 46 18E5 0 00% 100 00% 6 6 E-2 No
aldnin 003 15E5 0 00% 100 00% 29E2 No
heptachlor 01 13E5 0 00% 100 00% 57E3 No
chioromethane 12] 44E6 0 00% 100 00% No
|Noncarcinogens

1,2-dichloroethene (total) (7) 250,000 36E+2 Yes
acetone 110,000 31E+1 Yes
1,1-dichloroethane 33,000 94E+0 Yes
chromium (8) 434 25E+0 Yes
gamma-BHC (Lindane) 17 16E+0 No (6)
endrin 6 4 8 E-1 No
2-butanone 4,400 21E1 No
ethylbenzene 690 20E1 No
toluene 1,200 17EA1 No
naphthalene 200 14E1 No
4-methyiphenol 17 97E2 No
phenol 1,200 57E-2 No
vinyl acetate 1,500 4 3E2 No
xylene 1,633 22E-2 No
1,2,4-tnchlorobenzene 7 20E-2 No
21nc 114 11E2 No
fluorene 13 93E3 No
acenaphthene 18 8 6 E-3 No
2-methylphenol 8 4 6E3 No
fluoranthene 1 71E4 No
(1) See Table 2-2

2 s.. Table 4-4

3) h I ined if p t oontnbution to nsk exceeds O 06%

Nm\cm:lnouonle chemicals retaned if Hazard Quotient oxcoeds 1 0

(4) Chemical retained based on high concentration and high mobiity in g d despite not g in(3)

{56} Chemical retained based on noncarcinogenic risk (1 ¢ Hazard Quotient oxcud- 1 0)

(6] Chemical not retaned bassd on low and low mobilty in g p g in (3)

(1] Hazard Q based on RfD value for trens-1 2 DCE

8) N Hazard Q based on RfD value for hexsvalent chromwum
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4.6.2 Fate and Transport Screening

A total of 17 chemicals were evaluated for fate and transport screening. Sixteen
chemicals met the toxicological screening criteria noted in Section 4.6.1. In
addition, benzene was retained, even though it did not meet the toxicological
screening criteria, because of the high concentrations, prevalence and mobility of
this chemical in groundwater at the site.

Fate and transport charactenstics of chemicals detected in DNAPL-impacted areas
of the site are presented and discussed in Section 3.5. The use of maximum
groundwater concentrations for the concentration/toxicity screen also served as a
fate and transport screen. Most constituents retained as chemicals of potential
concern all have relatively high water solubiities and relatively low soil/water
partitioning coefficients (K,.) which result in moderate to high mobility in
groundwater.

Only two of the 17 chemicals were eliminated on the basis of fate and transport
considerations. Hexachloroethane and gamma-BHC (Lindane) met the crnitena for
risk screening based on the calculated noncancer Hazard Quotient exceeding unity.
However, both chemicals have low mobility in groundwater due to a high K,.  and
occur In relatively low concentrations at the site. Consequently, hexachloroethane
and gamma-BHC were eliminated as a chemicals of potential concern on the basis
of limited transport in groundwater and an insignificant contribution to overall nisk
relative to the more mobile organic constituents (Table 4-5).

The remaining 15 chemicals, (11 carcinogenic and 4 noncarcinogenic) were
retained on the basis of the concentration/toxicity screen and consideration of
mobility and prevalence in groundwater at the French Limited site (Table 4-5).
These 15 chemicals are all moderately to highly mobile in groundwater and/or occur
in significant concentrations at the French Limited site. They form the chemicals of
potential concern that are considered in this Risk Evaluation.

Constituents such as 2-butanone, vinyl acetate, 4-methyl-2-pentanone, 2.,4-
dimethylphenol, acenaphthene, anthracene, benzo(A)anthracene, benzo(A)pyrens,
chrysene and benzo(A)fluoranthene which are found in DNAPL or DNAPL-impacted
soil but not in groundwater were not retained as chemicals of potential concern. All
of these chemicals were found in relatively low concentrations in DNAPL or DNAPL-
impacted soil. Furthermore, most of these constituents are non-volatile and have
low mobility in groundwater. Nevertheless, these constituents would contribute to
health nsk for exposure to DNAPL or DNAPL-impacted soil. However, as noted In
Section 3.5.1, direct exposure to DNAPL and DNAPL-impacted soils via dermal
contact, incidental ingestion or inhalation of volatihized compounds is controlled or
prevented by local conditions. These are therefore not considered realistic potential
exposure pathways in this Risk Evaluation.
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4.6.3 List of Chemicals of Potential Concern

After consideration of the concentration/toxicity screen and the fate and transport
characteristics of the chemicals detected in DNAPL-impacted areas of the site, 15
constituents were retained as chemicals of potential concern. These constituents
are listed in Table 4-5. A summary of noncarcinogenic toxicity information
pertinent to nsk characterization for these chemicals of potential concern 1s shown
in Figure 4-6. Carcinogenic toxicity information for the chemicals of potential
concern i1s summarized in Table 4-7.

4.7 Uncertainties Related to Toxicity Information

Toxicity information for many of the chemicals found at the French Limited site
sites 1s Iimited. Consequently, there are varying degrees of uncertainty associated
with the toxicity values calculated. Sources of uncertainty associated with toxicity
values may include using:

e dose-response information from effects observed at high doses to predict the
adverse health effects that may occur following exposure at the low levels
expected during human contact with the agent in the environment;

e dose-response information from short-term exposure studies to predict the
effects of long-term exposures, and vice-versa;

e dose-response information from animal studies to predict effects in humans;
and

¢ dose-response information from homogeneous animal populations or healthy
human populations to predict the effects likely to be observed in the general
population consisting of individuals with a wide range of sensitivities.

An understanding of the degree of uncertainty associated with toxicity values i1s an
important part of interpreting and using those values. The degree of confidence
ascribed to a toxicity value is a function of both the quality of the individual study
from which it was derived and the completeness of the supporting data base.
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TABLE 4-6
Noncarcinogenic Toxicity Summary for Chemicals of Potential Concern
Chemical Name CAS # Oral Inhalation | Source | Species| Route of Critical Confidence| Uncertainty/
RfD RiC Notes Exposure Effect Level Modifying
(mg/kg-day}| (mg/m3) | (1) Factors

1,1,2-tnchiorosthane 79-00-5 40E-3 mouse | dnnking water Liver toxicity medium 1000/1
1,1-dichioroethane 75-34-3 10E1 {2) rat inhalation none medium 1,000

50 E-1 2) cat inhalation kidney demage NA 1,000
1,1-dichloroethene 75-35-4 9 0E3 rat dnnking water Hepatic lessions medium 1000/1
1,2-dichlorosthane 107-06-2 NA NA NA NA NA
1,2-dichlorosthense (total) (4) 156-80-5 20E-2 {4) mouss | dnnking water Increased alkaline phosphatase low 1000/1
acetone 67-64-1 10€E1 rat gavage Increased liver & kidney wt , kidney toxacity low 100011
arsenic 7440-38-2 30E4 human oral Keratosis & hyperpigmentation NA 1
benzene 71-43-2 NA NA NA NA NA
carbon tetrachionde 56-23-5 70E-4 rat gavage Liver lesions medium 100011
chloroform 67-88-3 10E-2 dog oral Fatty cists in liver medium 1000/1
chromium (5) 18540-29-9 S50E3 (5) rat dnnking water No effects reported fow 500/1
methylene chlonde 75-09-2 6 0 E-2 rat dnnking water Liver toxierty medium 100/1

30E+0O {3) rat nhalation hiver toxicity NA 100
tetrachlororethene (PCE) 127-18-4 1 0E-2 3) mouse gavage Heptatoxicity, weight gain NA 100011
tnchloroethene (TCE) 79-01-8 NA NA NA NA NA
vinyl chionde 75-01-4 NA NA NA NA NA

{1) All toxicologicel data obtained from IRIS database (as of Apnl, 1994) unless otherwise noted
{2) Obtained from U S EPA, "Hesith Effsots Assessment Summary Tables,” Annual, FY-1993, OERR PB93-821199 March, 1993
(3) Obtamned from U S EPA, "Heaslth Effects Assessment Summary Tables,” Fourth Quarter, FY-1990, OSWER PB90-921104

(4) Noncancer Hazard Quotient based on RfD value for trans-1,2-DCE

(5) Noncancer Hazard Quotient based on RfD value for hexavalent chromium
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TABLE 4-7
Carcinogenic Toxicity Summary for Chemicals of Potential Concern
Chemical Name CAS # | Carc Oral Inhalation |Source| Species | Route of Type of Developmental
Class Slope Unit Notes Exposure Cancer Toxicity
Factor Risk
(1) |mg/kg-dy -1 {per ug/m3) | (2)
1,1,2-tnchloroethane 79-0086| C 57E-2 mouse gavage Hepatocellular carcinomas no indications
& pheochromocytomas
16E5 mouse gavage Hepatocellular carcinomas
& pheochromocytomas
1, 1-dichloroethane 75-34-3] C (3) mouse gavage no indications no indications
1,1-dichloroethene 75-354| C 6 0E-1 rat dnnking water Adrenal pheochromocytomas fetotoxic
50Eb mouse nhatation Kidney adenoscarcomas
1,2-dichloroethane 107-06-2] B2 91E-2 rat pavage Hemangiosarcomas no indications
2686E5 rat gavage Hemangiosarcomas
1,2-dichloroethene {total) 156-60-5 {5) NA NA NA no indications
acetone 67-64-1 D NA NA NA no indications
arsenic 7440-38-2| A 18E+0 human | dninking water Skin,bladder, lung, kidney & colon malformations
A 4 3E3 human inhalation lung cancer
benzene 71-43-2] A 29E-2 human nhalation Leukemia no indications
A 8 3E6 human inhalation Leukemia
carbon tetrachlonde 56-23-6] B2 13E1 hamster gavage Hepatocellular carcinomas/hepatomas no indications
B2 15E5 hamster gavage Hepatocaellular carcinomas/hepatomas
chloroform 67-66-3] B2 6 1E3 rat dnnking water Kidney tumors {(males) no indications
B2 23E5 mouse gavage Hepatocellular carcinoma {females)
chrommum 18540-29-9| A 12E-2 (6) human inhalation lung cancer
methylene chlonde 75-09-2| B2 75E-3 mouse | drninking water Hepatocellular adenomas no indications
B2 47 E-7 mouse inhalation Liver and lung adenomas & carcinomas
tetrachlororethene (PCE)} 127-184} B2 51E2 (4) mouse gavage Liver tumors no Indications
B2 94 E7 {4) mouse gavage Leukemia, hver
tnchlarqgethene (TCE} 79-01-6f 82 11E2 (4} mouse gavage Liver tumors no indications
B2 4 8 E-6 4) mouse gavage Leukermia, hiver
vinyl chionde 75014| A 19E+0 (3) rat diet Lung tumors no indications
A 84ES {3} rat inhalation Lung tumors

{1) For Cercinogen Class explanation see Table 4-1
d from IRIS datab

(2) Al toxicological data ob

(3) Obtained from U S EPA, "Health Effects Assessment Summary Tables,” Annual, FY-1993, OERR PB93-921199 March, 1993

(as of Apnl, 1994) unless otherwise noted

(4) Obtained from U S EPA, "Health Effects Assessment Summary Tables,” Fourth Quarter, FY-1990, OSWER PB90-921104
(5} Carcinogenicity values based on trans-1,2-DCE
{6) Carcinogenicity values based on chromium VI
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4.7.1 Uncertainties Related to EPA Non-Carcinogenic Toxicity Information

Toxicological data used in this toxicity assessment were obtained exclusively from
EPA sources. EPA-verified RfDs found in IRIS are accompanied by a statement of
the confidence that the evaluators have in the RfD itself, the crnitical study, and the
overall data base. Uncertainty in the toxicity information is addressed by applying
an uncertainty factor to the RfD estimate. This results in a bias toward higher risks.
Thus the greater the degree of uncertainty, the more the risk caiculations are biased
toward overestimating risk.

1,1-DCA was the only constituent retained as a chemical of potential concein for
non-carcinogenic rnsk calculations which was not found in IRIS. The toxicity
information for 1,1-DCA is under review by EPA. It was considered preferable to
use the toxicity information from HEAST (EPA, 1993) rather than to ignore this
chemical in the quantitative nisk calculations even though its status suggests
greater uncertainty in the RfD.

4.7.2 Uncertainties Related to EPA Carcinogenic Toxicity iInformation

Toxicological data used In this toxicity assessment for carcinogenic risk calculations
were obtained exclusively from EPA sources. EPA-verified slope factors found in
IRIS are accompanied by EPA's weight-of-evidence classification for carcinogenicity
based on the completeness of the evidence that the agent causes cancer in
expenimental animals and humans. These designations for all DNAPL-related
chemicals found in the IRIS data base are summarized in Table 4-2. All chemicals
of potential concern retained for carcinogenic risk calculations except 1,1-DCE, are
either human carcinogens (Class A) or probable human carcinogens (Class B2).
Even though 1,1-DCE is classified as a possible human carcinogen (1.e. Class C), 1t
1s still retained for carcinogenic nsk calculations due to its relatively high
concentration in groundwater. Chemicals which are not classifiable (Class D) or for
which no toxicity information are available are not considered in the quantitative

nsk calculations

EPA employs a slope factor value at the upper 95 percent confidence limit of the
range of possible slope factors. Animal data selected for use in the hneanzed
multistage dose-response model used to extrapolate cancer risk are often obtained
from the most sensitive species of experimental animals. The study which gives
the highest level of extrapolated nsks (when more than one study 1s available) are
used to denve potential human doses using a scaling factor that assumes that
humans are more sensitive. All EPA-venfied slope factors are accompanied by a
weight-of-evidence classification, which indicates the likelihood that the agent is a
human carcinogen. These assumptions and procedures are designed to avoid
underestimating risk and the greater the uncertainty, the more the results are biased
toward higher carcinogenic risks
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Three constituents retained as chemicals of potential concern for carcinogenic nsk
calculations, 1,1-DCE, PCE and vinyl chlonde, are not found in IRIS. The toxicity
information for these constituents i1s under review by EPA. It was considered
preferable to use the toxicity information from HEAST (EPA, 1990 for PCE and EPA,
1993 for 1,1-DCE and vinyl chlonide) rather than to ignore these chemicals in the
quantitative nsk calculations. The review status of these chemicals indicates
greater uncertainty in the slope factor and/or weight of evidence classification.
This greater uncertainty is not explicitly considered in the risk analysis methodology
which would typically err on the side of higher estimated risk.

4.7.3 Chemicals with No Available Toxicity Values

EPA-derived RfDs and slope factors are not available for fifteen chemicals that were
included in Table 2-2 as DNAPL-related chemicals at the French Limited Site. Due
to the relatively low concentrations for these constituents in groundwater and the
lack of evidence that they pose a health risk, these constituents are not expected to
represent a significant potential health rnisk that would warrant their inclusion as
chemicals of potential concern for the Risk Evaluation. Unlike most methods used
to deal with uncertainty in the toxicity assessment, uncertainty resuiting from not
exphcitly considering these chemicals in the nsk analysis would actually bias the
results toward lower estimated risk. However, as indicated above, the incremental
contribution of these chemicals to overall risk 1s minimal.

These chemicals which are not included in the quantitative risk assessment are
discussed below.

chloromethane A nsk assessment for chloromethane i1s under review by
EPA. It has been classified in EPA (1992) as a possible
human carcinogen (Class C). The maximum
concentration observed in groundwater was 12 ug/l
and 1t was not detected in DNAPL or soil in DNAPL-
impacted areas.

4-methyl-2-pentanone The oral RfD for 4-methyl-2-pentanone has been
withdrawn and inadequate data exists for assessment
of an inhalation RfC for groundwater vapors. Data on
carcinogenicity are not avaiable. The 4-methyl-2-
pentanone groundwater cleanup criteria at the site iIs
1,750 ug/l. 4-methyi-2-pentanone was detected In the
DNAPL but was not detected in groundwater or soil in
DNAPL-impacted areas.

AHA File Name RE-CH4 DOC 4 -28 Apnil, 1994



85454

DNAPL STUDY
RISK EVALUATION

French Ltd. Project

FLTG, Incorporated

4-methylphenol

2-methynaphthalene

acenaphthylene

dibenzofuran

The oral RfD for 4-methylphenol has been withdrawn
and inadequate data exists for assessment of an
inhalation RfC groundwater or a slope factor for
carcinogenicity.  4-methylphenol 1s classified as a
possible human carcinogen (Class C). 4-methyiphenol
was detected in groundwater in DNAPL-impacted areas
at a maximum concentration of 27 ug/l but was not
detected in DNAPL or in soil iIn DNAPL-impacted areas.

EPA toxicity information does not exist for
2-methynaphthalene. 2-methynaphthalene  was
detected in groundwater in DNAPL-impacted areas at a
maximum concentration of 27 ug/l and was also
detected in DNAPL and in soll in DNAPL-impacted
areas. Naphthalene, which 1s a potential surrogate for
2-methynaphthalene, was found at a maximum
concentration in groundwater of 110 ug/l and was
eliminated in the concentration/toxicity screen.

The oral RfD for acenaphthylene i1s under review by EPA
and no data exists for assessment of an inhalation RfC.
Acenaphthylene 1s not classifiable as to human
carcinogenicity (Class D). Acenaphthylene was not
detected in groundwater in DNAPL-impacted areas but
was detected in DNAPL and in soil in DNAPL-impacted
areas at relatively low concentrations.

The inhalation RfC assessment for dibenzofuran is
under review by EPA and no data exists for assessment
of an oral RfD. Dibenzofuran 1s not classifiable as to
human carcinogenicity (Class D). Dibenzofuran was
detected in groundwater in DNAPL-impacted areas at a
maximum concentration of 26 ug/l and was also
detected in DNAPL and in soll in DNAPL-impacted
areas.
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phenanthrene

benzo(A)anthracene

chrysene

benzo(B)fluoranthene

No data exists for assessment of an oral RfD or
inhalation RfC groundwater for phenanthrene.
Phenanthrene 1s not classifiable as to human
carcinogenicity (Class D). Phenanthrene was detected
in groundwater in DNAPL-impacted areas at a maximum
concentration of 29 ug/l and was also detected In
DNAPL and in soil in DNAPL-mpacted areas.
Anthracene, which 18 a potential surrogate for
phenanthrene, has an RfD of 0.003 mg/kg-day. Using
this RfD and the maximum detected phenanthrene
concentration in groundwater yelds a Noncancer
Hazard Quotient of 0.28 and would be eliminated in a
concentration/toxicity screen

No data exists for assessment of an oral RfD or
inhalation RfC groundwater for benzo(A)anthracene.
This chemical 1s classified as a probable human
carcinogen (Class B2). No data exists for assessment
of a slope factor for carcinogenic nsk calculations.
Benzo(A)anthracene was detected in soil in DNAPL-
impacted areas at a maximum concentration of 46
mg/kg but was not detected in DNAPL or in
groundwater in DNAPL-impacted areas.

No data exists for assessment of an oral RfD or
inhalation RfC groundwater for chrysene. Chrysene Is
classified as a probable human carcinogen (Class B2).
No data exists for assessment of a slope factor for
carcinogenic risk calculations. Chrysene was detected

in soll in DNAPL-impacted areas at a maximum
concentration of 71 mg/kg but was not detected In
DNAPL or in groundwater in DNAPL-impacted areas.

No data exists for assessment of an oral RfD or
inhalation RfC groundwater for benzo(B)fluoranthene.
This chemical 1s classified as a probable human
carcinogen (Class B2). No data exists for assessment
of a slope factor for carcinogenic nsk calculations.
Benzo(B)fluoranthene was detected in soill in DNAPL-
impacted areas at a maximum concentration of 20
mg/kg but was not detected in DNAPL or in
groundwater in DNAPL-impacted areas.
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indeno(1,2,3-CD)pyrene No data exists for assessment of an oral RfD or

inhalation RfC groundwater for indeno(1,2,3-
CD)pyrene. This chemical i1s classified as a probable
human carcinogen (Class B2). No data exists for
assessment of a slope factor for carcinogemic nisk
calculations. Indeno(1,2,3-CD)pyrene was detected In
soll in DNAPL-impacted areas at a maximum
concentration of 0.44 mg/kg but was not detected In
DNAPL or in groundwater in DNAPL-impacted areas.

dibenzolA,H)anthracene No data exists for assessment of an oral RfD or

benzo(GHI)perylene

alummum

vanadium

inhalation RfC groundwater for dibenzo(A,H)-
anthracene. This chemical 1s classified as a probable
human carcinogen (Class B2). No data exists for
assessment of a slope factor for carcinogenic nsk
calculations. Dienzo(A, H)anthracene was detected in
soil in DNAPL-mpacted areas at a maximum
concentration of 0.25 mg/kg but was not detected n
DNAPL or in groundwater in DNAPL-impacted areas.

No data exists for assessment of an oral RfD or
inhalation RfC groundwater for benzo(GHI)perylene.
Benzo(GHl)perylene 1s not classifiable as to human
carcinogenicity (Class D). No data exists for
assessment of a slope factor for carcinogenic nsk
calculations. Benzo(GHI)perylene was detected in soil
in DNAPL-impacted areas at a maximum concentration
of 3.0 mg/kg but was not detected in DNAPL or in
groundwater in DNAPL-impacted areas.

Aluminum 1s not In the IRIS data base. No data exists
for a nsk assessment. Aluminum was detected In
groundwater in DNAPL-impacted areas at a maximum
concentration of 300 ug/l but was not analyzed In
DNAPL or soil samples.

The oral RfD for vanadium 1s under review by EPA and
no data exists for assessment of an inhalation RfC
Data on carcinogenicity are not available. Vanadium
was detected in groundwater in DNAPL-impacted areas
at a maximum concentration of 300 ug/l but was not
analyzed in DNAPL or soil samples.

Currently 1t 1s not possible to evaluate quantitatively the contribution of these
chemicals to the overall nsk.
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5.0 RISK CHARACTERIZATION

This section describes the procedures and results of the final step of the nisk
assessment process, risk characterization. In this step, the toxicity and exposure
assessments are summarized and integrated Into quantitative and qualitative
expressions of risk. To characterize potential noncarcinogenic effects, comparisons
were made betwseen projected intakes of substances and toxicity values To
charactenze potential carcinogenic effects, probabilities that an individual will
develop cancer over a hfetime of exposure are estimated from projected intakes and
chemical-specific dose-response information. Major assumptions, scientific
judgments, and to the extent possible, estimates of the uncertainties embodied in
the assessment are also presented.

The nsk characterization methods used in this study conformed to the
EPA-approved work plan (AHA, 1993) which was developed to be consistent with
EPA's most recent risk assessment guidelines (EPA, 1989c).

5.1 Risk Characterization Process

Figure 5-1 1s an overview of the risk characterization process, and illustrates how it
relates to the preceding toxicity and exposure assessments (Sections 3.0 and 4.0).
This section describes the steps that were used for quantifying risk or hazard
indices for both carcinogenic and noncarcinogenic effects to be apphed to each
exposure pathway analyzed.

5.1.1 Calculation of Risks for Individual Substances

Carcinogenic Effects

For carcinogens, risks are estimated as the incremental probability of an individual
developing cancer over a lifetime as a result of exposure to the potential carcinogen
(i.e., incremental or excess individual hifetime cancer nisk). The methodology used
is consistent with EPA's (1986a) Guidelines for Carcinogen Risk Assessment.

The slope factor (SF) converts estimated daily intakes averaged over a lifetime of
exposure to incremental nsk of an individual developing cancer. Because relatively
low intakes (compared to those experienced by test animals) are most hkely from
environmental exposures at the French Limited site, it generally can be assumed
that the dose-response relationship is linear in the low-dose portion of the
multistage model dose-response curve. Based on this assumption, the slope factor
is a constant, and risk is directly related to intake. (See Section 4.0)
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FIGURE 5-1
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Following EPA guidance, the hinear form of the carcinogenic risk equation i1s used for
estimating risks at the French Limited site. This linear low-dose equation is
described as follows:

inear - k E (
Risk = CDI x SF
where:

Risk = a unitless probability (e.g., 1 x 1076) of
an individual developing cancer;

CDI = chronic dally intake averaged over 70
years (mg/kg-day); and

SF = slope factor, expressed in (mg/kg-day)-1

The carcinogenic nsk estimate will generally be an upper-bound estimate, because
the slope factor i1s often an upper 95th percentile confidence limit of the probability
of response based on experimental amimal data used in the multistage model. This
means that there is reasonable confidence that the "true risk" will not exceed the
risk estimate derived through use of this model and 1s likely to be less than that
predicted.

The results of applying the carcinogenic cancer nisk equation to the potential future
groundwater exposure scenarios developed for receptor locations north of Gulf
Pump Road (at the INT-11 and S1-13 Areas), at the Riverdale Subdivision and south
of the New Hwy. 90 are summarized in Tables 5-1, 5-2, 5-3 and 5-4 respectively.
It can be seen that, in the absence of remedial responses that contain or control
DNAPL-impacted source area contributions to the groundwater, there i1s a potential
future risk associated with exposures to contaminated groundwater at all these
receptor locations. Aside from arsenic and chromium, that were not detected in the
source areas for these pathways, all the potential carcinogenic chemicals-of-
concern have calculated future concentrations in groundwater at the receptor
locations that exceed the calculated 106 excess cancer risk for dninking water
ingestion under the Reasonable Maximum Exposure (RME) scenarios described in
Section 3.0. Similarly, for most of the carcinogenic chemicals-of-concern, the
calculated 10-6 excess cancer nsk is exceeded for inhalation exposure using a
showering scenario. The only exceptions are for arsenic and chromium (which are
non-volatile and were not detected in the source areas) and carbon tetrachlonde at
the receptor location north of Gulf Pump Road near the S1-13 Area
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TABLE 5-1

Calculated Risk for Groundwater Exposure North of Gulf Pump Road near INT-11 Area

Media* Groundwater

Land Use* Future

Exposed Population Residential

Exposure Pathway Ingestion of groundwater that has migrated from the site to downgradient water wells

Chemical Name Exposure Time for Time for Chronic Orel Noncancer Oral Cancer 1-Day |10-Day
Concentration First 95% of Dally RID Hazard Slope Risk HA HA
Detection Max, Intake Quotient Factor
{1} 2) (2) (3) 4 (5) {6) (6)
{ug/L) {days) {days) {mg/kg-day) | {mg/kg-day) {mg/kg-day) {mg/L)} | (mg/L)

vinyl chlonde 7,278 19 118 8 9 E-2 19E+0 2 E1

methylene chlonde 43,681 8 38 5 3E1 6 0E-2 21 75E3 4 E-3 1330 | 150
acetone 76,036 3 27 9 3E1 10E1 22

1,1-dichloroethene 1,137 27 132 14E2 90E3 4 8 0E1 8 E3

1,1-dichioroethane 5,668 15 73 86 9E2 10E1 2

1,2-dichloroethene (total) 83,613 25 122 7 8 E-1 20E-2 80

chloroform 131,131 10 75 16E+0 10E-2 400 61E3 1 E2

1,2-dichloroethane 20,000 9 48 24E1 91E-2 2 E-2

carbon tetrachloride 2 42 207 24E5 70E4 008 13E1 3 E6 400 | 016
trichloroethene 18,957 48 234 2 3 E-1 11E-2 3 E3
1,1,2-trichloroethane 556 24 17 6 8 E-3 40E3 4 67E2 4 E4 060 | 040
ibenzene 1,300 35 162 16E-2 29E2 5 E4 024
tetrachlororethene 9,474 130 632 12E1 10E-2 27 51E-2 6 E-3 200
arsenic 40 NA NA NA 30E4 NA 18E+0 NA

chromium ND NA NA NA 50E-3 NA NA 140 140

[Total Pathway Risk = 570 261 |
Notes

(1) For exposure concentrations and intakes see Table 3-4 and Appendix B

{2) Based on modeling of selected chemicals and extrapolation for remaining chemicals

{3) Chronic Daily intake (CD1) averaged over 70 year Iifetime

{4) Noncancer Hazard Quotient = exposure level/refsrence dose Exposure level adjusted for exposure duration (30 yrs)
{5) Cancer Risk = Chromc Daily Inteke {CDI) x Slope Factor

(8) HA = health advisory for dnnking water
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TABLE 5-1 (Cont.)

Calculated Risk for Groundwater Exposure North of Gulf Pump Road near INT-11 Area

Media: Arr
Land Use Future
Exposed Population: Residential
Exposure Pathway" Inhalation of chemicals that have volatlized from groundwater dunng showenng
Chemical Neme Exposure Chronic | Inhslation | Noncancer Inhalation Inhalation Cancer
Concentration Dally RfC Heazard Unit Slope Risk
Intake Quotient Risk Factor
{1 {2) 3) 4)
mg/m3 (mg/kg-day}{ (mg/kg-day) {m3/ug) (kg-day)/mg
vinyl chlonide 60 4 4E-2 84E-5 29E-1 1 E-2
methylene chlonde 245 18E1 47E-7 16E3 3 E4
acetone 83 61E-2 30E+0 005
1,1-dichloroethene 15 11E2 50E-5 18E-1 2 E3
1,1-dichloroethane 266 20E1
1,2-dichloroethene (total) 2,060 15E+0 5 0 E-1 000
|chioroform 6,213 46E+0 23E5 81E-2 4 E1
1,2-dichloroethane 6,021 44E+0 26E5 91E2 4 E1
[carbon tetrachlonde 768 6 6 E-1 16E6 6 3E-2 3 E2
trichloroethene 48 36E2 48 E6 17€E-2 8 E4
1.1,2-tnchloroethane 0 27EbD 16EH 66 E2 2 E6
benzene 11 79E-3 83E6 29E-2 2 E4
tetrachlororethena 136 10E1 94E7 33E-3 3 E4
arsenic ND NA 43 E3 15E+1 NA
chromium ND NA 12E2 42E+1 NA
[Total Pathway Risk = 005 8 E1 |
Notes
{1} For exposure concentrations and intakes saes Table 3-4 and Appendix B
{2) Chronic Daily Intake (CDI) aversged over 70 year hifetime
(3) Noncancer Hazard Quotient = axposure lavel/reference doss Exposure level adjusted for exposure duration (30 yrs)
(4) Cancer Risk = Chronic Daily Intake {CD!) x Slope Factor
{Totat ingestion and Inhalation Pathway Risk = 7,400 2 E+0 |
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{1) For exposure concentrations and intakes see Tapie 3-4 ana Appendix 8
{2) Based on modeling of selected chemicals and extrapolation for remaining chemicals
(3) Chrome Daily Intake (CDI) averaged over 70 year lifetme

{4} Noncancer H d Q

P lovel/reforence dose Exposure level adjusted for exposure duration (30 yrs)
{S) Cancer Risk = Chromic Daily Intake (CDI) x Slope Factor
{6) HA = health adwisory for dnnking water

RISK EVALUATION FLTG, Incorporated
TABLE 5-2
Calculated Risk for Groundwater Exposure North of Gulf Pump Road near $1-13 Area
Media* Groundwater
Land Use* Future
Exposed Population® Residential
Exposure Pathway Ingestion of groundwater that has migrated from the site to downgradient water wells
Chemical Name Exposure Time for Time for Chronic Orad Noncancer Oral Cencer 1-Day |10-Day
Concentration First 959% of Dally RID Hazard Slope Risk HA HA
Detection Max Intake Quotient Factor
1} @) 2) (3) 4) {5) (] (6)
{fug/l) {days) {days) {mg/kg-day) | (mg/kg-day) {mg/kg-day) {mgh) | imgh)
vinyl chlonde 6,000 5 814 7 3E-2 19E+0 1 E1
methylene chlonde 30,000 2 219 37E1 6 0E-2 14 75E-3 3 E3 1330} 160
acetone 81,000 1 31 9 9 E-1 1 0E-1 23
1,1-dichloroethene 1,800 5 766 22E-2 90E-3 6 6 0 E-1 1 E2
1,1-dichloroethane 33,000 3 426 4 0E1 10E1 9
1,2-dichloroethene (total) 250,000 5 708 31E+0 20E-2 360
chloroform 850,000 1 435 10E+1 10E-2 2,400 61E3 8 E2
1,2-dichloroethane 860,000 1 200 11E+1 91E2 1 E+O
carbon tetrachlonde 110,000 9 1204 13E+0 70E4 4,500 13E1 2 E1 400 | 018
trichloroethene 6,500 10 1360 80E-2 11E2 9 E4
1,1,2-tnchloroethane 5 5 879 861ES5 40E-3 004 b7E2 3 EB 060 | 040
benzene 1,200 10 1186 15E2 29E-2 4 B4 024
tetrachlororethene 20,148 26 3677 25E-1 10E-2 58 51E2 1 E2 200
arsenic ND NA NA NA 30E4 NA 18E+0 NA
chromum ND NA NA NA 50E-3 NA NA 140 140
[Total Pathway Risk = 7,400 1 E+0 |
Notes
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TABLE 5-2 (Cont.)

Calculated Risk for Groundwater Exposure North of Gulf Pump Road near S1-13 Area

£9pa8n

Media: Ar
Land Use Future
Exposed Population Residential
Exposure Pathway Inhalation of chemicals that have volatiized from groundwater during showenng
Chemical Name Exposure Chronic Inhalation Noncancer Inhalation inhalation Cancer
Concentration Daily RfC Hazard Unit Slope Risk
Intake Quotient Risk Factor
1) 2) 3) 4
mg/m3 {mg/kg-day}| {(mg/kg-day) {m3/ug) {kg-day)/mg
[vinyi chlonde 73 53E2 84E5 29E1 2 E-2
methylene chlonde 366 26 E-1 4 7E-7 16E3 4 E4
acetone 77 57E2 30E+0 004
1,1-dichloroethene 10 70E-3 5 0E-5 18E1 1E3
1,1-dichlorosthane 46 33E-2
1,2-dichloroethene (total) 524 39E1 50 E1 000
chioroform 959 70E1 23E-5 8 1E2 8 E-2
1,2-dichloroethane 140 10E1 26E5 9162 9 E3
carbon tetrachlonde 0 01 10E5 15Eb 5 3E2 5 E-7
trichloroethene 140 10E1 4 8 E-6 1782 2 E-3
1,1,2-tnichloroethane 4 30E3 16E5 56E2 2 E4
benzene 12 85E-3 8 3E-6 29E2 2 E4
tetrachlororethene 64 47E-2 94E-7 33E3 2 E4
arsemc ND NA 4 3E-3 15E+1 NA
chromium ND NA 12€E-2 42E+1 NA
| Total Pathway Risk = 004 9 E2
Notes
{1} For exposure co it and «ntakes see Table 3-4 and Appendix B
(2) Chromc Daily Intake (CDI) averaged over 70 year ifetime
(3) Noncancer Hazard Quotient = exposure level/reference dose Exposure level adjusted for exposure duration (30 yrs)
{4) Cancer Risk = Chronic Daily Intake {CDI) x Slope Factor
[Total Ingestion and Inhalation Pathway RISK = 570 3 E-1
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TABLE 5-3
Calculated Risk for Groundwater Exposure at Riverdale Subdivision

Media® Groundwater

Land Use: Future

Exposed Population Residential

Exposure Pathway: Ingestion of groundwater that has migrated from the site to downgradient water wells

Chemical Name Exposure Time for Time for Chronic Oral Noncancer Oral Cancer 1-Day | 10-Day
Concentration First 95% of Daily RfD Hazard Slope Risk HA HA
Detection Max intake Quotient Factor
(1} (2) 2) (3) 4) 5) (6) (6)
(ug/L) (days) (days) (mg/kg-day) | (mg/kg-day) {mg/kg-day) {mg/L} | {(mg/L)

vinyl chlonde 16,000 15 34 20E1 19E+0 4 E1

methylene chlonde 640 7 1 78E-3 6 0E-2 030 75E-3 6 ES 1330 150
acetone 110,000 7 8 13E+0 10E1 3143

1,1-dichloroethene 160 24 38 20E-3 90E-3 051 6 0 E-1 1 E3

1,1-dichloroethane 3,300 13 21 40E-2 1 0E-1 094

1,2-dichloroethene {total) 8,200 22 35 76E2 20E-2 8 86

chloroform 250 15 21 31E3 10E-2 071 61E3 2 ES

1,2-dichloroethane 8,700 10 13 11E1 91E-2 1 E2
ﬂcarbon tetrachlonde 86 38 59 81E4 70t4 269 13E1 1 E4 400 | 016
trichloroethene 680 43 67 8 3E3 11E2 9 E5
1,1,2-tnchloroethane 5560 21 33 87E3 40E-3 393 57E-2 4 E4 060 | 040
{benzene 3,600 24 46 4 4 E-2 29E-2 1 E3 024
tetrachlororethene 77 115 181 94E4 10E-2 022 51E-2 5 Eb 200
arsenic 103 NA NA NA 30E4 NA 18E+0 NA

chromium ND NA NA NA 5 0E-3 NA NA 140 140

[Total Pathway Risk = 50 4 E1 |
Notes

{1} For exposure concentrations and intekes ses Tuble 3-4 end Appendix B
(2) Based on modeling of selected chemicals and extrapolation for remaining chemicals
{(3) Chronic Daily Intake (CDI) averaged over 70 year ifetime

(4) N Hazard Quot

t = exposure level/reference dose Exposure level adjusted for exposure duration (30 yrs)

{5) Cancer Risk = Chromic Daily intake (CDI) x Slope Factor
{6) HA = health advisory for dnnking water
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DNAPL STUDY
RISK EVALUATION

French Ltd. Project

FLTG, Incorporated

TABLE 5-3 (Cont.)

Calculated Risk for Groundwater Exposure at Riverdale Subdivision

Media: Arr
Land Use: Future
Exposed Population: Residential
Exposure Pathway: Inhalation of chemicals that have volatihzed from groundwater dunng showering
Chemical Name Exposure Chronlc tnhalation Noncancer Inhalation Inhalation Cancer
Concentration Daily RfC Hazerd Unit Slope Risk
Intake Quotient Risk Factor
1]} (2} (3) (4)
mg/m3 {mg/kg-day)| (mg/kg-day) {m3/ug) | (kg-day)/mg
vinyl chionde 160 12E1 B4ES 29E1 3 E2
methylene chlonde 52 38E3 47 E-7 16E3 6 E-B
acetone 112 8 2E-2 30E+0 006
1,1-dichloroethene 14 99E4 56 0E5 18E1 2 E4
1,1-dichloroethane 27 20E-2
1,2-dichioroethene (total) 51 38E2 5 0 E-1 000
chloroform 18 13E3 23E5 8 1E-2 1 E4
1,2-dichloroethane 61 45 E-2 26E5 91E2 4 E3
carbon tetrachlonde 06 34FE4 15E5 5 3E-2 2 ES
tnchloroethene 50 37E3 48E-6 17E-2 6 E5
1,1,2-tnchloroethane 41 30E-3 16Eb 656 E-2 2 E4
benzene 32 24E-2 83E6 29E2 7 E4
tetrachlororethene 06 38E4 94E7 33E3 1 E6
arsenmic ND NA 43E3 16E+1 NA
chromium ND NA 12E2 42E+1 NA
|Total Pathway Risk = 006 4 E-2
Notes
{1) For a<posurs concentret:.ons and ,ntakes ses Table 3-4 and Appandix B
{2) Chroruc Daily Intake (CDl) averaged over 70 year iifetme
{3) Noncancer Hazard Quotient = exposure levsl/reference dose Exposure level adjusted for exposurs duration (30 yrs)
(4) Cancer Risk = Chronic Daily Intake (CD!) x Slope Factor
[Total Ingestion and inhalation Pathway Risk = 50 4 E-1
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DNAPL STUDY French Ltd. Project
RISK EVALUATION FLTG, Incorporated

TABLE 54

Calculated Risk for Groundwater Exposure South of New Hwy. 90 (Crosby Freeway)

Media* Groundwater

Land Use: Future

Exposed Population Residential

Exposure Pathway: Ingestion of groundwater that has migrated from the site to downgradient water wells

Chemical Name Exposure Time for Time for Chronic Oral Noncancer Oral Cancer 1-Day |10-Day
Concentration First 95% of Dally RfD Hazard Slope Risk HA HA
Detection Max. Intake Quotient Factor
m 2) 2) 3) 4) (5) e (6)
{ug/L) (days) (days) {mg/kg-day) | (mg/kg-day) {mg/kg-day) {mgA) | (mg/L)

vinyl chlonde 6,639 80 125 81E2 19E+0 2 E1

methylene chlonde 36,791 32 40 4 5E1 6 0E-2 18 75E3 3 E3 1330 160
acetone 78,518 16 28 96 E1 10E-1 22

1,1-dichloroethene 1,469 11 139 18E-2 90E3 6 6 0 E-1 1E2

1,1-dichloroethane 19,329 82 77 24 E1 10E1 -]

1,2-dichloroathene (total) 156,807 103 128 19E+0 20E-2 224

chloroform 490,666 61 79 60E+0 10E2 1,402 61E3 4 E2

1,2-dichlorgethane 440,000 41 49 B4E+0 91E2 5 E1

carbon tetrachlonde 55,001 176 219 67E1 70E4 2,245 13E1 9 E-2 400 | 018
trichloroethene 12,729 197 247 16E1 11E2 2 E3
1,1,2-trichloroethane 281 98 123 34E3 40E-3 2 67E2 2 E4 060 | 040
jbenzene 1,250 130 171 15E-2 29E-2 4 E4 024
tetrachlororethene 14,810 533 667 18E1 10E2 42 51E-2 9 E3 200
arsenic 20 NA NA NA 30E4 NA 18E+0 NA

lchromium ND NA NA NA 50E-3 NA NA 140 140

[Total Pathway Risk = 3.970 8 E1 |
Notes

{1} For exposure concentrations and intakes see Table 3-4 and Appendix B

(2) Based on modeling of selected chemicals and extrapolation for remaining chemicals

{3) Chronio Daily Intake (CD!) averaged over 70 year ifstime

(4) Noncancer Hazard Quotient = exposure level/reference dose Exposure level adjusted for exposure duration (30 yrs)
{5) Cancer Risk = Chronic Daily Intake {CD!) x Slope Factor

{8) HA = health adwvisory for dnnking water
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DNAPL STUDY
RISK EVALUATION

French Ltd. Project

FLTG, Incorporated

TABLE 54 (Cont.)

Calculated Risk for Groundwater Exposure South of New Hwy. 90 (Crosby Freeway)

Media: Ar
Land Use Future
Exposed Population: Residential
Exposure Pathway: Inhalation of chemicals that have volatilized from groundwater dunng showenng
Chemical Name Exposure Chronic Inhalation Noncancer Inhalation Inhalation Cancer
Concentration Daily RfC Hazerd Unlt Slope Risk
Intake Quotient Risk Factor
n (2) (3) 4)
mg/m3 (mg/kg-day)l (mg/kg-day) {m3/ug) {kg-day)/mg
vinyl chlonde 66 49E2 84E5 29E1 1 E2
imethylene chlonde 300 2 2E1 47E-7 16E3 4 E4
acetone 80 5 9E-2 30E+0 005
1, 1-dichloroethene 12 91E3 B OEbD 18E1 2 E3
1,1-dichloroethane 166 11E1
1,2-dichloroethene (total) 1,292 95E1 5 0E1 440
Hchloroform 3,586 26E+0 23E5 8 1E2 2 E1
1,2-dichioroethane 3,081 23E+0 26ES5 91E-2 2 E1
carbon tetrachlonde 384 2 8E1 15E5 63E2 1 E2
trichloroethene 94 69E2 4 8E-6 17E2 1E3
1,1,2-tnchloroethane 21 15E3 16E5 6 6E2 9 Eb
benzene 1 82E3 8 3E-6 29E2 2 E4
tetrachiororethene 100 7 4E-2 9 4 E-7 33E3 2 E4
arsenic ND NA 4 3E-3 16E+1 NA
chromium ND NA 12E-2 42E+1 NA
[Total Pathway Risk = 440 5 E1 |
Notes
{1) For exposure concentrations and intakes see Table 3-4 and Appendix B
(2) Chronic Daily Intake (CDI) averaged ovar 70 year ifetime
(3) Noncancer Hazard Quotient = exposure level/reference dose Exposure level adjusted for exposure duration {30 yrs)
(4) Cancer Risk = Chronic Daily intake (CDI) x Slope Factor
{Total Ingestion and nhelation Pathway Risk = 3,870 1 E+0 |
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DNAPL STUDY French Ltd. Project
RISK EVALUATION FLTG, Incorporated

It should be noted that groundwater concentrations for the Riverdale exposure
scenano are calculated in the INT unit only even though Riverdale wells are typically
screened over a larger interval of the shallow alluvial deposits. Based on production
well data from the French Limited site remedial system, the INT unit constitutes, at
most, probably only 30% of the yield to these wells. Consequently, the nsk
calculated by ingestion of groundwater from wells tapping the INT unit 1s probably
overestimated by at least 3 times.

The calculated future carcinogenic risks for the surface water exposure scenarios
are shown in Tables 5-5 through 5-7 for the South Pond, East Pond and East Slough
respectively. Agan, these nisks are calculated for future conditions assuming no
remedial responses that contain or controi DNAPL-impacted source area
contributions to the groundwater. For the South Pond (Table 5-5), the calculated
10-6 excess cancer risk associated with ingestion during swimming 1s exceeded for
vinyl chlonde; methylene chlonde; 1,1 dichloroethene; chloroform,.1,2-
dichloroethane and tetrachloroethene (PCE). Dermal exposure dunng swimming
also exceeds the calculated 10-6 excess cancer nisk for these chemicals, as well as
tnchloroethene (TCE); 1,1,2-trichloroethane; and benzene. The carcinogenic rnisk
associated with ingestion of contaminated fish from the South Pond only exceeds
the 10-6 excess cancer nsk critena for vinyl chlonde.

The calculated 10"6 excess cancer risk associated with ingestion during swimming
in the East Pond (Table 5-6), are exceeded slightly for 1,2-dichloroethane; vinyl
chlonde and benzene. Dermal exposure durnng swimming shghtly exceeds the
calculated 106 excess cancer nsk for these chemicals, as well as 1,1 DCE and
chloroform. The carcinogenic nsk associated with ingestion of contaminated fish
from the East Pond slightly exceeds the 10-6 excess cancer nsk criteria only for
vinyl chlonde.

The calculated 10-6 excess cancer risk associated with ingestion during swimming
in the East Slough (Table 5-7), are exceeded for vinyl chionde; 1,1 DCE; 1,2-DCA,
chloroform and benzene. Dermal exposure during swimming shightly exceeds the
calculated 10-6 excess cancer risk for these same chemicals. The carcinogenic risk
associated with ingestion of contaminated fish from the East Slough slightly
exceeds the 1076 excess cancer risk cntena for vinyl chlonde; 1,2-dichloroethane,
benzene and arsenic.

The relatively low nsks associated with the surface water exposure scenarios
refleact the very low calculated exposure concentrations and the relatively low
intakes for each exposure pathway. It should be noted that the calculated surface
water concentrations do not take into account the fact that most of the chemicals
of concern would have a tendency to volatilize from the pond water, particularly
near the water surface.
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DNAPL STUDY French Ltd. Project
RISK EVALUATION FLTG, Incorporated

TABLE 5-5

Calculated Risk for South Pond Exposure Scenario

Media. Surface Water
Land Use Future
Exposed Population: Residential
Exposure Pathway. Ingestion of contaminated water while swimming
Chemicat Name Exposure Time for Time for Chronic Oral Noncancer Orsal Cancer
Concentration First 95% of Dally RD Hazard Slope Risk
Detection Max. intake Quotient Factor
1) 2) (2) 3) @) (5)
{ugl) {days) {days) {mg/kg-day) | (mg/kg-day) {mg/kg-day)
vinyl chlonde 383 (] 15 25E-5 19E+0 5 ES
|methylene chlonde 2,294 2 5 15E4 6 0 E-2 0 0086 756€E3 1 E6
acetone 4,002 1 3 26E4 10E1 0 008
1,1-dichloroethene 60 8 17 3.9E-6 S0E3 0 001 6 O E-1 2 E6
1,1-dichloroethane 298 4 10 19E5 10E-1 0 0005
1,2-dichloroethene (total) 3,348 7 16 2.2E4 20E-2 0026
chloroform 6,901 3 10 45E4 10E2 0105 61E3 3 E6
|1,2-d|chloroethane 1,053 3 (-] 6.9 E-5 91E2 6 E6
carbon tetrachlonde 01 12 27 69E9 70€E4 0 00002 13E1 9 E-10
trichloroethene 998 14 30 65E5 1162 7 E7
J1,1,2-tnchloroethane 29 7 15 19E-6 40E-3 0 001 57E2 1E7
benzene 68 ] 21 45E-6 29E2 1 E7
tetrachlororethene 499 38 82 33E5 10E-2 0008 51E2 2 E6
larsenic 2 10 21 14E7 30E4 0 001 18E+0 2 E-7
chromium ND NA NA NA BOE-3 NA NA
[Total Pathway Risk = 0.15 6 E6 |
Notes

{1) For exposurs concentrations and intekes see Tabie 3-4 and Appendix B

{2) Based on modeling of selected ohemicels and extrapolation for remaining chemicals

(3) Chromo Daly Intake (CDI) assumes O 05 L/hr intake for 2 8 hrs/day for 30 days/yr for 30 years for a 70 kg adult with a 70 year ifespan
(4) Noncancer Hazard Quotient = exposure levei/reference dose Exposure level edpusted for exposure duration (30 yrs)

(S} Cancer Risk = Chronic Daily Intake (CDI) x Slope Faotor
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DNAPL STUDY
RISK EVALUATION

French Ltd. Project

FLTG, Incorporated
TABLE 5-5 (Cont.)
Calculated Risk for South Pond Exposure Scenario
Media: Surface Water
Land Use: Future
Exposed Population: Residental
Exposure Pathway* Dermal Contact with contaminated water while swimming
Chemical Name Exposure Time for Time for Absorbed Oral Noncancer Oral Concer
Concentration First 95% of Dose RfD Hazard Slope Risk
Detection Max. Rate Quotient Factor
m (2) ) (3) 4) (5)
(uglL} {days) (days) {mg/kg-day) | (mg/kg-day) {ma/kg-day)
vinyl chionde 383 6 16 70E5 19E+0 1 E4
methylene chionde 2,294 2 5 33E4 6 0 E-2 0013 785€E3 2 E6
!acetone 4,002 1 3 46E-3 10E1 0108
1,1-dichloroethene 60 8 17 15E5 90E3 0004 80 E-1 9 E6
1,1-dichloroethane 298 4 10 36E4 10E1 00081
1.2-dichloroethene (total} 3,348 7 16 36E3 20E-2 0423
Jchlorofolm 6,901 3 10 52E3 10E-2 1208 61E3 3 ED
1,2-dichloroethane 1,063 3 6 52E4 91E2 5 Eb
carbon tetrachlonde 01 12 27 67E9 70E4 0 00002 1.3 E1 7 €10
trichloroethene 998 14 30 21E3 11E2 2 ES
1,1,2-tnchloroethane 29 7 15 73E5 40E-3 0042 B7E2 4 EB
benzene 68 9 21 74E5 2.9 E-2 2 E8
tetrachlororethene 499 38 82 10E4 10E2 0023 51E2 5 E6
arsenic 2 10 21 17E8 30E4 0000 18E+40 3 E8
{chromium ND NA NA NA 50E-3 NA NA
|Total Pathway Risk = 1.83 3 E4

Notes

(1) For exposure concentrations and Intakes see Tabie 3-4 and Appendix B

(2) Based on modeling of selected chemicals and extrapolation for remaining chemicals

(3) Dermal contact adsorbed dose rate assumes swimming for 2 8 hrs/day for 30 days/yr for 30 years for a 70 kg adult with a 70 year lifespan

(4) Noncancer Hazard Quotient = exposure level/reference dose Exposure level adjusted for sxposure duration {30 yrs}

{S) Cancer Risk = Adsorbed Dose Rate x Slope Factor
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DNAPL STUDY
RISK EVALUATION

French Ltd. Project

FLTG, Incorporated
TABLE 5-5 (Cont.)
Calculated Risk for South Pond Exposure Scenario
Media: Fish and Aquatic Organisms
Land Use: i Future
Exposed Population: Residential
Exposure Pathway: Ingestion of contaminated fish
Chemical Name Exposure Time for Time for Chronic Oral Noncancer Oral Cancer
Concentration Flrst 959% of Dally RfD Hazerd Slope Risk
Detection Max. Intake Quotient Factor
1) 2 2} (3) 4 )]
{ug/kg) lyrs) {yrs) {mg/kg-day) | (mg/kg-day) {mg/kg-day)
vinyl chionde 448 6 16 18E8 19E+0 3 E8
methylene chlonde 11,468 2 6 48 ED 6 0 E-2 0002 78E3 3 E-7
acetone 4,002 1 3 16E5 10E-1 0 0004
1,1-dichioroethene 336 8 17 13E6 90E3 0 0003 86 0 E1 8 E-7
1,1-dichloroethane 298 4 10 12E6 10E1 0 00003
1.2-dichioroethensg {total) 5,357 7 16 21E5 20E-2 0 002
chloroform 25,879 3 10 10E4 10E2 0024 6 1E-3 8 E-7
1,2-dichioroethane 1,283 3 6 5 0E-6 91E2 6 E-7
carbon tetrachlonde 2 12 27 80E9 70E4 0 00003 13E1 1E9
trichloroethene 10,675 14 30 42E5 11E2 6 E-7
1,1,2-tnchloroethane 146 7 15 58 E-7 40E-3 00003 57E2 3 E8
benzene 356 9 21 14E-6 29E-2 4 E-8
tetrachlororethene 15,457 38 82 62E5 10E2 0014 51E2 3 E8
arsenic a3 10 21 37E7 30E4 0003 18E+0 8 E-7
chromium ND NA NA NA 50E-3 NA NA
ITotal Pathway Risk = 005 165 |
Notes

{1) For exposure concentrations and intakes ses Table 3-4 and Appendix B

(2) Based on modeling of selected chemicals and extrapolation for remaining chemicals

{3) Chrorc Daily Intake (CDI) assumes ingestion of 949 gme of fish per year for 70 kg adult for 70 years and that 10% of fish consumed Is from contaminated source

(4) Noncancer Hazard Quotient = exposure level/reference dose Exposure level adjusted for exposure duration (30 yrs)

{5) Cancer Risk = Adsorbed Dose Rate x Slope Factor

ﬁotal ingestion and Dermal Adsorption Pathway Risk =

20

3E4 |
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DNAPL STUDY French Ltd. Project

(1) For exposure concentrations and intakes ses Table 3-4 and Appendix B

{2) Basod on modeling of selected chemioals and extrapolation for ramaining chemicals

{3) Chromc Daily intake (CDI) assumes O 05 L/hr inteke for 2 8 hra/day for 30 days/yr for 30 years for a 70 kg adult with & 70 year lifespan
(4) Noncancer Hezard Quotient = exposurs level/reference dose Exposure lavel adjusted for exposure duration (30 yrs)

{5) Cancer Risk = Chromc Daily Intake (CDI} x Slope Factor

RISK EVALUATION FLTG, Incorporated
TABLE 5-6
Calculated Risk for East Pond Exposure Scenario
Media Surface Water
Land Use Future
Exposed Population® Residential
Exposure Pathway ingestion of contaminated water while swimming
Chemical Name Exposure Time for Time for Chronic Oral Noncancer Oral Cancer
Concentration First 95% of Dally RfD Hazard Slope Risk
Detection Max. Inteke Quotient Factor
(4] (2) 2) (3) (4) (5)
{ug/l) (days) {days) {mg/kg-day) | (mg/kg-day) {mg/kg-day)
vinyl chlonde 366 13 39 24E5 19E+0 5 E-5
Imethylene chlonde 287 04 12 19E5 6 0E-2 00007 75E3 1 E-7
acetone 8,741 03 09 57E4 10E1 001
1,1-dichloroethene 14 15 43 8.9 E-7 90E-3 0 0002 6 0 E-1 6 E-7
1,1-dichloroethane 255 08 24 17E5 10E1 0 0004
1,2-dichloroethene (total) 523 14 40 34E5 20E-2 0 0040
chioroform 967 o8 25 8.3 E-5 10E-2 001 81E3 4 E-7
1,2-dichloroethane 1,725 06 1.6 1.1E4 91E2 1E5
carbon tetrachlonde 26 23 68 18E-7 70E4 0 0005 1.3 61 2 E8
trichloroethene 3 26 77 2.1 E-7 1.1 E2 2 B9
1,1,2-trichloroethane ND NA NA NA 40E-3 NA B7E2 NA
benzene 993 15 53 65 E-H 29E-2 2 E8
tetrachlororethene ND NA NA NA 10E-2 NA 51E-2 NA
arsenic 3 18 53 17E7 30E4 0 001 18E+0 3 E7
chromium 11 18 53 7 4 E-7 56 0E-3 00003
[Total Pathway Risk = 004 6 E5 |
Notes
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DNAPL STUDY French Ltd. Project
RISK EVALUATION

FLTG, Incorporated
TABLE 5-6 (Cont.)
Calculated Risk for East Pond Exposure Scenario
Media Surface Water
Land Uge* Future
Exposed Population: Residential
Exposure Pathway Dermal Contact with contaminated water while swimming
Chemical Name Exposure Time for Time for Absorbed Oral Noncancer Oral Cancer
Concentration Flrst 95% of Dose RfO Hezerd Slope Risk
Detection Max. Rate Quotient Factor
(1) (2) (2) 3) 4) (5)
{ug/L) (days) {days) {mg/kg-day} | (mg/kg-day) (mg/kg-day)
vinyl chionde 366 13 39 67E5 19E+0 1 E4
methylene chloride 287 04 12 41E5 6 0E-2 0 002 76E3 E-7
acetone 8,741 03 09 10E-2 10E1 024
1,1-dichloroethene 14 15 43 3 3E6 90E3 0 0009 8 0 E-1 2 E6
1,1-dichloroethane 255 08 24 30E4 10E1 0 007
1,2-dichloroethene (total) 523 14 40 57E4 20E-2 007
jehloroform 967 o8 25 72E4 10E2 017 61E3 4 E6
1,2-dichloroethane 1,725 06 16 85 E4 91E-2 8 E§
carbon tetrachlonde 25 23 68 13E7 70E4 0 0004 13E1 2 E8
tnchloroethene 3 26 77 6 6E-6 1.1E-2 7 E8
1,1,2-tnchloroethane ND NA NA NA 40E3 NA 57€E2 NA
benzene 993 16 53 11E3 29E-2 3 E5
tetrachlororethene ND NA NA NA 10E-2 NA 51E-2 NA
larsenic 3 18 53 21E8 30E4 0 0002 18E+0 4 E8
chromium 1 18 53 90E8 5 0E-3 0 00004
|Total Pathway Risk = 048 2 E4 |
Notes

(1) For exposure concentrations and intakes see Table 3-4 and Appendix B

(2) Based on modeling of selected chemicals and extrapolation for remaining chemicals

(3) Dermal contact sdsorbed dose rate assumes swimming for 2 8 hrs/day for 30 days/yr for 30 years for a 70 kg adult with a 70 year lifespan
{4) Noncancer Hazard Quotient = exposure levsl/refersnce dose Exposure level adjusted for exposure duration (30 yre)

{5) Cancer Risk = Adsorbed Dose Rate x Slope Factor
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French Ltd. Project

RISK EVALUATION FLTG, Incorporated
TABLE 5-6 (Cont.)
Calculated Risk for East Pond Exposure Scenario
Media* Fish and Aquatic Organisms
Land Use. Future
Exposed Population® Residential
Exposure Pathway ingestion of contaminated fish
Chemical Name Exposure Time for Time for Chronlc Oral Noncancer Oral Cencer
Concentration First 959% of Dally RID Hazerd Slope Risk
Detection Max. Intake Quotient Factor
1 (2) (2) (3) 4) (5)
lug/kg) {yrs) {yrs) (mg/kg-day) | (mg/kg-day) (mg/kg-day)
vinyt chlonde 428 13 39 17E6 19E+0 3 E6
methylene chlonde 1,437 04 12 57 E-6 6 0E-2 0 0002 75E-3 4 E-8
acetone 8,741 03 08 35E5 10E1 0 0008
1,1-dichloroethene 76 15 43 30E7 90E-3 0 0001 6 0E-1 2 E7
1,1-dichloroethane 2556 08 24 10E-6 10E1 0 00002
1,2-dichloroethene {total) 836 14 40 33E86 20E-2 0 0004
chloroform 3,626 08 25 14E5 10E-2 0003 61E-3 9 E8
1,2-dichloroethane 2,070 08 16 8 2E-6 91E-2 7 E7
carbon tetrachlonde 47 23 68 19E-7 70E4 0 0008 13E1 2 E8
trichloroethene 33 26 77 13E7 11E2 1E8
1,1,2-tnchloroethane ND NA NA NA 40E3 NA 57E-2 NA
benzene 5,164 16 53 21E5 29E-2 6 E-7
tetrachlororethene ND NA NA NA 10E2 NA 8 1E-2 NA
arsenic 115 18 53 4 6 E-7 30E4 0004 18E+0 8 E-7
chromium 2,248 18 53 89 E6 50E-3 0 004
[Total Pathway Risk = 001 6 E6 |
Notes

(1) For exposure concentrations and intakes see Table 3-4 and Appendix B

(2) Based on modeling of selacted chemucals and extrapolation for remaining chemicals

(3) Chronic Daly Intake (CDI) assumes ingestion of 949 gms of fish per year for 70 kg edult for 70 years and that 10% of fish cansumed s from contaminated source

(4) Noncancer Hezard Quotient = exposure level/reference dose Exposure level adjusted for exposure duration (30 yrs)

{S) Cancer Risk = Adsorbed Doss Rate x Slope Factor

[Total Ingestion and Dermal Adsorption Pathway Risk =

053

3E4 |
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French Ltd. Project

RISK EVALUATION FLTG, Incorporated
TABLE 5-7
Calculated Risk for East Slough Exposure Scenario
Moedia Surface Water
Land Use Future
Exposed Population: Residential
Exposure Pathway Ingestion of contaminated water while swimming
Chemical Name Exposure Time for Time for Chronlc Oral Noncancer Oral Cancer
Concentration First 95% of Dally RID Hazard Slope Risk
Detection Max Intake Quotient Factor
nm (2) 2) 3) 4) {5)
{ug/L) {days) (days) {mg/kg-day) | (mg/kg-day) {mg/kg-day}
vinyl chloride 1,022 300 1615 67ES5 19E+0 1 E4
methylene chlonde 803 94 48 3 B3ES 6 0E-2 0002 76E3 4 E7
acetone 24,413 40 341 16E3 10E-1 004
1,1<dichloroethens 38 327 168 6 25E6 90E3 0 0006 6 0 E-1 1 E6
1,1-dichloroethane 711 182 936 47E-S 10E1 0001
1,2-dichloroethene (total) 1,460 302 1567 96E5 20E2 o0
chloroform 2,701 170 958 1.8E4 10E-2 004 6 1E-3 1 E8
1,2-dichloroethane 4,818 130 69 4 32E4 91E2 3 ES
carbon tetrachlonde 69 514 2649 4.5 E-7 70E4 0002 13E1 6 E8
trichloroethene 9 580 299 2 57E7 11€2 6 E9
1,1,2-tnchloroethane ND NA NA NA 40E-3 NA 67E-2 NA
Hbenzene 2,774 360 207 1 18E4 29E-2 5 E-6
tetrachlororethene ND NA NA NA 10E-2 NA 51E-2 NA
arsenic 7 402 207 1 4.8 E-7 30E4 0004 18E+0 8 E-7
|chrom|um 3 40 2 2071 21E6 60E3 0 001
{Total Pathway Risk = 010 2 E4
Notes

{1) For exposure concentrations and intakes ses Table 3-4 and Appendix B

{2) Based on modeling of selected chemicals and extrapolation for remaining chernicals

{3) Chromc Daly Intake (CD1) assumes O 05 L/hr intake for 2 8 hrs/dsy for 30 days/yr for 30 years for a 70 kg adult with a 70 year hfespan

(4) Noncancer Hazard Quotient = exposure level/reference dose Exponure level adjusted for expasure duration (30 yrs)

(5) Cancer Risk = Chromc Daily Intake {CDl) x Slope Factor
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French Ltd. Project

{1) For exposure concentrations snd intakes see Table 3-4 and Appendix B

{2) Based on modeling of selected chemicals and extrapolation for remaining chemicals

{3) Dermal contact adsorbed dose rate assumes swimming for 2 6 hrs/day for 30 deys/yr for 30 years for @ 70 kg adult with a 70 year lifespan
{4) Noncancer Hazard Quotient = exposure level/reference dose Exposure level adjusted for exposure duration (30 yrs)

(5) Cancer Risk = Adsorbed Doss Rate x Slope Factor

RISK EVALUATION FLTG, Incorporated
TABLE 5-7 (Cont.)
Calculated Risk for East Slough Exposure Scenario
Media. Surface Water
Land Use Future
Exposed Population: Residential
Exposure Pathway. Dermal Contact with contaminated water while swimming
Chemical Name Exposure Time for Time for Absorbed Oral Noncancer Oral Cancer
Concentration First 969% of Dose RfD Hazerd Slope Risk
Detection Max Rate Quotient Factor
(1 (2) @) (3) 4 (5)
{ugll) (days) (days) (mg/kg-day) | (mg/kg-day} (mg/kg-day)
vinyl chlonde 1,022 300 1516 19E4 19E+0 4 E4
methylene chlonde 803 94 48 3 11E4 6 0E-2 0 004 75E3 9 E-7
lacetone 24,413 40 341 28E-2 10E-1 066
1,1-dichioroethene 38 327 168 6 92E6 90E-3 0 002 6 0 E-1 5 E-6
1,1-dichloroethane 711 182 936 82E4 10E-1 002
1,2-dichioroethene (total) 1,460 302 1657 16E-3 20E-2 018
chloroform 2,701 170 968 20E-3 10E-2 047 61E3 1E56
1,2-dichloroethane 4,818 130 594 24E-3 91E-2 2 E4
carbon tetrachlonde 69 5614 2649 3.8E-7 70E4 0 001 13E1 5 E8
trichloroethene 9 580 299 2 18E-5 11E-2 2 E-7
1,1,2-tnchloroethane ND NA NA NA 40E-3 NA 57E-2 NA
benzene 2,774 350 207 1 30E3 29E-2 9 Eb
tetrachlororethene ND NA NA NA 10E-2 NA 51E-2 NA
arsenic 7 40 2 207 1 bSES 30E4 0 0005 18E+0 1 E7
chromium 31 402 207 1 25E7 50E-3 0 0001
|Totat Pathway Risk = 135 7 E4
Notes
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FLTG, Incorporated
TABLE 5-7 (Cont.)
Calculated Risk for East Siough Exposure Scenario
Media: Fish and Aquatic Organisms
Land Use: Future
Exposed Population: Residental
Exposure Pathway. Ingestion of contaminated fish
Chemical Neme Exposure Time for Time for Chronic Oral Noncancer Oral Cancer
Concentration Flrst 95% of Daily RfD Hazerd Slope Risk
Detection Max. intake Quotient Factor
1 (2) 2) (3) 4 s)
{ug/kg) {days) {days) {mg/kg-day) | (mg/kg-day) {mg/kg-day)
vinyl chionde 1,196 300 15156 4 76E-06 19E+0 9 E6
methylene chionde 4,015 94 48 3 1 60E-05 6 0 E-2 0 0006 75E3 1 E7
acetone 24,413 40 341 9 72E-05 10E1 0 002
1,1-dichloroethene 213 327 168 6 8 46E-07 90E-3 0 0002 80 E1 5 E-7
1,1-dichioroethane 711 182 936 2 B3E-06 10E1 0 0001
1,2-dichloroethene (total) 2,336 302 1557 9 30E-06 20E-2 0 001
chloroform 10,129 170 958 4 03E-05 10E-2 0009 61E3 2 E-7
1,2-dichloroethane 5,782 130 594 2 30E-05 91E2 2 E-6
carbon tetrachlonde 132 514 2649 5 24E-07 70E4 0 002 13E1 7 E-8
tnchloroethene 93 580 299 2 3 70E-07 11E2 4 E9
1,1,2-tnchloroethane ND NA NA NA 40E-3 NA 57E2 NA
rbenzene 14,425 350 207 1 5 74E-05 29E2 2 E-6
tetrachlororethene ND NA NA NA 10E2 NA 51E2 NA
#arsemc 321 402 207 1 1 28E-06 30E4 001 18E+0 2 E6
chrormum 6,278 402 207 1 2 50E-05 50E3 001
[Total Pathway Risk = 003 2E5 |
Notes

(1) For exposure concentrations and intskes see Table 3-4 and Appendix B

(2) Based on modeling of selected chermicals and extrapolation for remaning chemicals

(3) Chronic Danly intake (CDI) assumes ingestion of 949 gms of fish per year for 70 kg aduit for 70 years and that 10% of fish consumed i1s from contaminated source

{4) Noncancer Hazard Quotient = exposure lsvel/reference dose Exposure level adjusted for exposure duration (30 yrs)

(5) Cancer Risk = Adsorbed Dose Rate x Slope Factor

[Total Ingestion and Dermal Adsorption Pathway Risk =

14700

9 E4 |
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n-carci [

The potential for non-carcinogenic effects i1s evaluated by comparing an exposure
level over a specified time period with a reference dose derived for a similar
exposure period. This ratio of exposure to toxicity is called a hazard quotient and 1s
descnbed as follows:

Noncancer Hazard 1en

Noncancer Hazard Quotient = E/RfD

where:
E = exposure level (or intake);
RfD = reference dose; and

E and RfD are expressed in the same units and
represent the same exposure period (1 e., chronic,
subchronic, or shorter-term).

The noncancer hazard quotient assumes that there 1s a level of exposure (1.e., RfD)
below which it 1s unhkely for even sensitive populations to experience adverse
health effects. If the exposure level (E) exceeds this threshold (1.e., E/RfD exceeds
unity), there may be concern for potential noncancer effects. As a rule, the greater
the value of E/RfD above unity, the greater the level of concern. It s important to
emphasize that the level of concern does not increase linearly as the RfD s
approached or exceeded because RfDs do not have equal accuracy or precision and
are not based on the same severity of toxic effects. Thus, the slopes of the dose-
response curve In excess of the RfD can range widely depending on the substance.

Three exposure durations are considered for the possibility of adverse
noncarcinogenic health effects: chronic, subchronic, and shorter-term exposures.

Chronic exposures for humans are considered to range in duration from seven years
to a ifetime. Chronic long-term exposures are applicable for inhabitants of nearby
residences and year-round users of specified drinking water sources such as the
Riverdale Subdivision residents.
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Subchronic human exposures are considered to range n duration from two weeks
to seven years and are applicable, for example, to children that might attend a
junior high school near the site for no more than two or three years. For this nsk
evaluation at the French Limited site there are no exposure pathways that are
applicable for this type of exposure so that subchronic exposures are not assessed.

Exposures less than two weeks in duration are considered only for identified
chemicals known to be developmental toxicants. In the case of these types of
chemicals, short-term exposures of as little as a day or two can be of concern. The
chemicals of concern in this risk evaluation that meet this criteria are assessed by
comparing exposure concentrations with one-day and ten-day health advisories.
These health advisories only apply to nisks associated with drinking water ingestion.

The results of applying the non-cancer hazard quotient equation to the future
exposure scenarios developed for the DNAPL-impacted areas of the French Limited
site are summarized in Tables 5-1 through 5-7. it can be seen that, in the absence
of remedial responses that contain or control DNAPL-impacted source area
contributions to the groundwater, there 1s a potential future nsk associated with
exposures to contaminated groundwater in drinking water supply wells in the
receptor locations identified in this nsk evaluation. These risks are summarized for
the receptor locations north of Guif Pump Road in Tables 5-1 and 5-2, for the
Riverdale Subdivision in Table 5-3 and south of the New Highway 90 in Table 5-4.

Most of the chemicals of concern that have a listed oral reference dose (RfD) have
calculated future concentrations in groundwater in these receptor locations that
result in a calculated hazard quotient greater than unity for dnnking water ingestion
under the RME scenario. Arsenic and chromium were not detected in the source
areas for these pathways and so do not have a calculated future risk. For the
receptor location north of Guif Pump Road near the INT-11 area (Table 5-1), all
organic chemicals of concern, except 1,1,2 TCA, have calculated hazard quotients
exceeding unity for the drinking water ingestion scenario. For the receptor location
north of Gulf Pump Road near the S1-13 area (Table 5-2), the calculated hazard
quotient for all organic chemicals of concern, except carbon tetrachlonde, exceeded
unity. At the Riverdale receptor location (Table 5-3), the calculated hazard quotient
exceeded unity for four organic chemicals of concern, acetone, 1,2 DCE (total),
carbon tetrachloride and 1,1,2 TCA. At the new Highway 90 location (Table 5-4),
the calculated hazard quotient for all organic chemicals of concern exceeded unity.

Only two chemicals of concern, acetone and 1,2 DCE (total), have reported RfD
values for inhalation. For the inhalation duning showering scenario at all four
receptor locations for the groundwater pathways, the calculated hazard quotient for
these two chemicals did not exceed unity.
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it should be noted that groundwater concentrations for the Riverdale exposure
scenarios are calculated in the INT unit only even though Riverdale wells are
typically screened over a larger interval of the shallow alluvial deposits. Based on
production well data from the French Limited site, the INT unit has relatively low
permeability, and typically yields less than 30% of the shallower S1 unit sands.
Consequently, the nsk calculated by ingestion of groundwater from wells tapping
the INT unit is overestimated by at least 3 times.

The calculated noncarcinogenic risks for the surface water exposure scenarios
(Tables 5-5 through 5-7) are negligible due to the very low calculated exposure
concentrations and the relatively low intakes associated with these exposure
scenarios. Only one constituent, chloroform, has a calculated hazard quotient that
slightly exceeds unity for dermal exposure during swimming in the South Pond
(Table 5-5).

hort-term Ex re Ri

In addition to the chronic exposure risks associated with the chemicals of concern,
short term exposure risks were evaluated by companson of exposure
concentrations with one-day and ten-day health advisories for drinking water. The
calculated future concentrations of methylene chloride and carbon tetrachloride
exceed both the one-day and the ten-day health advisories at all locations except
Riverdale. The calculated future concentrations of 1,1,2 TCA exceeds the ten-day
health advisories north of Gulf Pump Road near S1-13 (Table 5-2) and at Riverdale
(Table 5-3). The calculated future concentrations of benzene exceeds the ten-day
health advisory at all four locations while that of PCE exceeds the ten-day health
advisory at all locations except Riverdale.

5.1.2 Aggregate Risks for Multiple Substances

For the overall nsk associated with DNAPL-impacted areas of the French Limited
site, the potential health effects of more than one chemical (both carcinogens and
other toxicants) were assessed. Estimating risk or hazard potential by considering
one chemical at a time might significantly underestimate the risks associated with
simultaneous exposures to several substances. The methodology to assess the
overall potential for cancer and noncancer effects posed by multiple chemicals,
follows EPA (1986b) Guidelines for the Health Risk Assessment of Chemical
Mixtures that can also be applied to the case of simultaneous exposures to several
chemicals from a variety of sources by more than one exposure pathway. Although
the calculation procedures differ for carcinogenic and noncarcinogenic effects, both
sets of procedures assume dose additivity in the absence of information on specific
mixtures.

AHA File Name RE-CHE DOC 5-24 Apnl, 1994



185481

DNAPL STUDY French Ltd. Project
RISK EVALUATION FLTG, Incorporated
Icl ic Eff

The aggregate cancer risk equation for multiple substances 1s described as follows:

[ ion f itipl
Risky = Z Risk;
whare:

Risky = the total cancer nsk, expressed as a
unitless probabilty; and

Risk; = the nisk estimate for the 1?7 chemical.

This equation was used to estimate the incremental individual hfetime cancer risk
for simultaneous exposure to several carcinogens and is based on EPA's (1986 a,b)
risk assessment guidelines. This equation represents an approximation of the
precise equation for combining risks, which accounts for the joint probabiities of
the same individual developing cancer as a consequence of exposure to two or
more carcinogens.

The risk summation technique assumes that intakes of individual substances are
small. It also assumes independence of action by the compounds involved (i.e.,
that there are no synergistic or antagonistic chemical interactions) and that all
chemicals produce the same effect (i.e., cancer). The results of this summation are
included in Tables 5-1 through 5-7. It is evident that, in the absence of remed:al
responses that contain or control DNAPL-impacted source area contrnbutions to
groundwater, the potential future nsk associated with cumulative exposures to
several constituents in contaminated groundwater at all four receptor locations
evaluated significantly exceeds the 106 excess cancer nsk criteria for ingestion
under the Reasonable Maximum Exposure (RME) scenario

Again, it should be noted that the aggregate risk calculations for the Riverdale area
are performed only for the INT unit which constitutes probably only 30% of the
yield to Riverdale domestic wells. Consequently, the nisk calculated by ingestion of
groundwater from wells tapping the INT unit is overestimated by at least 3 times.
However, even with this consideration, the potential future nisk would significantly
exceed the 10-6 excess cancer nisk critena.
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The calculated aggregate carcinogenic nisk for muitiple substances for the surface
water exposure scenarios (Tables 5-3 through 5-5) are relatively low, but do exceed
the 10-6 excess cancer risk criteria for all pathways. The highest aggregate risk is
for swimming in the East Slough, where ingestion is calculated to have an
aggregate excess cancer risk of 2 x 10-4, and dermal contact during sSwimming, an
aggregate excess cancer risk of 7 x 1074.

N rcl ic Eff

To assess the overall potential for noncarcinogenic effects posed by more than one
chemical, a hazard index (HI) approach was used that is based on EPA's (1986b)
Guidelines for Health Risk Assessment of Chemical Mixtures. This approach
assumes that simuitaneous sub-threshold exposures to several chemicals could
result in an adverse health effect. It also assumes that the magnitude of the
adverse effect is proportional to the sum of the ratios of the sub-threshold
exposures to acceptable exposures. The hazard index 1s equal to the sum of the
hazard quotients, described as follows:

Non r Hazar X

Hazard Index = Z E/RfD;
where:
E; = exposure level (or intake) for the ith chemical;
RfD; = reference dose for the ith chemical
E and RfD are expressed in the same units and

represent the same exposure period (i1.e., chronic,
subchronic, or shorter-term).

In this equation, E and RfD represent the same exposure period (e.g., subchronic,
chronic, or shorter-term). When the hazard index exceeds unity, there may be
concern for potential heaith effects. While any single chemical with an exposure
level greater than the toxicity value will cause the hazard index to exceed unity, for
multiple chemical exposures, the hazard index can also exceed umty even if no
single chemical exposure exceeds its RfD. If this occurs, the chemicals may be
segregated by similar effect or target organ to determine the potential health nisks
Separate hazard indexes may be derived for each effect, if any exceed one.
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The results of the summation of risk for potential future exposure to
non-carcinogenic constituents are included in Tables 5-1 through 5-7. It is evident
that, in the absence of remedial responses that contain or control DNAPL-impacted
area contributions to groundwater, the potential future rnsk associated with
cumulative exposures to all chemicals-of-concern by ingestion of contaminated
groundwater significantly exceeds the hazard index criteria for ingestion under the
Reasonable Maximum Exposure (RME) scenario at all four receptor locations
evaluated. The noncarcinogenic cumulative risk for the inhalation during showering
scenario did not exceed the hazard index criteria of one at any of the four receptor
locations.

The calculated aggregate noncarcinogenic nsks for the surface water exposure
scenarios (Tables 5-5 through 5-7) are very low due to the very low calculated
exposure concentrations and the relatively low intake volumes associated with this
exposure scenario. The hazard index crntena of one 1s exceeded for dermal
exposure during swimming scenano in the South Pond (Table 5-5) and the East
Slough (Table 5-7).

5.1.3 Combination of Risks Across Exposure Pathways

This section describes the methodology that was used for combining the muiti-
chemical nsk estimates across exposure pathways when such aggregation is
appropriate. These calculations are performed for instances where an individual
might be exposed to a substance or combination of substances through several
pathways. For example a resident of the Riverdale Subdivision may be potentially
exposed through drinking contaminated groundwater and by eating contaminated
fish from an effected pond. The total exposure to varnious chemicals will equal the
sum of the exposures by all pathways. However, the nsks from all exposure
pathways evaluated for a site are not necessarily summed.

There are two steps required to determine whether risks or hazard indices for two
or more pathways should be combined for a single exposed individual or group of
individuals. The first is to identify reasonable exposure pathway combinations. If
two pathways do not affect the same individual or subpopulation, neither
pathway's individual risk estimate or hazard index affects the other, and nsks
should not be combined. The second 1s to examine whether 1t 1s likely that the
same individuals would consistently face the "reasonable maximum exposure”
(RME) by more than one pathway. If the key RME assumptions for more than one
pathway apply to the same individual or subpopulation, then the RME risks for more
than one pathway are combined.
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The results of the exposure assessment and individual pathway nsk assessment,
summarized in Tables 5-1 through 5-7, indicate that exposure by ingestion and
inhalation of chemicals in potentially contaminated groundwater poses the most
significant risk to the public health. The surface water pathways pose such a
comparatively low potential risk that summing risks and hazard indices across
pathways essentially yields the same risks as that posed by the groundwater
pathway.

5.2 Ecological Risk Characterization

The aecological risk characterization 1s similar to the human nisk characterization, in
that exposure assumptions and toxicological data are combined with site data to
estimate risk. In the absence of quantitative values or other data useful for a
quantitative nsk assessment, the ecological risk assessment may necessanly be
restricted to a qualitative discussion of the pathways by which environmental
receptors may be exposed to potential nisks, and how these rnisks might affect
individuals of a species, total populations, and the ecosystem as a whole.

Given the nature of DNAPL-impacted areas at the French Limited site and the
results of the exposure assessment discussed in Section 3.0 of this report, the only
potentially significant ecological nsk assessment pathway i1s aquatic life in surface
ponds and sloughs that may receive affected groundwater discharge.

By direct comparison between the available ambient water qualty criteria (AWQC)
and surface water concentrations, the potential hazards to fish and other aquatic
ife can be readily evaluated for many chemicals. In this comparison, acute cntena
for short-term exposure can be compared with the maximum surface water
concentrations, and chronic criteria .can be compared with the average surface
water concentrations, usually calculated as the geometric mean of the samples
under consideration. The exposure analysis results presented in Section 3.0
indicated that potential surface water concentrations of contaminants of concern
resulting from discharge of contaminated groundwater are generally far below
concentrations likely to have any effect on aquatic biota (Table 4-3 in Section 4.0).
The only exceedences of Aquatic Chronic and Aquatic Acute concentration critena
are for calculated future concentrations of chloroform in the South Pond and East
Slough.

5.3 Discussion of Uncertainties
All risk assessments involve the use of assumptions, judgment, and imperfect data

to varying degrees. This results in uncertainty in the final estimates of risk. The
uncertanties affecting risk estimates are discussed in the remainder of this section.
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Uncertainty in a risk assessment may arise from many sources including:
e Environmental chemistry sampling and analysis;
¢ Misidentification or failure to be all-inclusive in hazard identification;

e Choice of models and input parameters in exposure assessment and fate and
transport modeling;

e Choice of models or evaluation of toxicological data in dose-response
quantification; and

e Assumptions concerning exposure scenarios and population distributions.

Uncertainty may be magnified in the assessment through a combination of these
sources.

In nsk assessments in which considerable uncertainty 1s anticipated, a technique

commonly employed to compensate for uncertainty i1s to bias the assessment in the

direction of overestimation of nsk. This 1s often termed a "worst case" or

"conservative" analysis. The net effect of combining numerous conservative
‘ assumptions is that the final estimates of nsk may be greatly overestimated.

In this risk evaluation, the concept of Reasonable Maximum Exposure (RME) was
followed (EPA, 1989c). The estimates of exposure concentration described in
Section 3.0, present a significant area of uncertainty. However, the parameter
values selected for the exposure assessment calculations yield the maximum
exposures that can be reasonably expected to occur. This is because the values of
the most significant parameters that influence constituent transport in groundwater
were selected very conservatively as described in Section 3.8. Consequently the
calculated intake concentrations and the resulting risks are probably much higher
than the average, but within the realm of reasonable assumptions

The absence of environmental parameter measurements also contributes to
uncertainty. Lack of site-specific measurements requiras that estimates must be
based on literature values, regression equations, extrapolations, and/or best
professional judgment. Modeling errors can stem from a lack of validation or
verification of the models. Typically an order of magnitude result 1s considered to
be satisfactory for most complex modeling scenarios.
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Environmental chemistry sampling and analysis error can stem from the error
inherent in the procedures, from a failure to take an adequate number of samples to
arrive at sufficient area resolution, from mistakes on the part of the sampler, or
from the heterogeneity of the matrix being sampled. One of the most effective
ways of minimizing procedural or systematic error is to subject the data to a strict
quality control review. This was the case with the French Limited site DNAPL data
which was subject to a rigorous quality assurance project plan (QAPP). Even with
all data ngorously quality assured, however, there is still error inherent in all
analytical procedures, and it is still not possible to definitively determine if any given
sample is truly representative of site conditions.

In almost all nsk assessments, the largest source of uncertainty 1s in critical toxicity
values (RfDs and cancer slope factors), and these uncertainties may significantly
affect the magnitude of the rnisk estimates presented in a risk evaluation. Health
criteria for evaluating long-term exposures such as RfDs or cancer slope factors are
based on concepts and assumptions which bias an evaluation in the direction of
overestimation of health nsk. The EPA noted in its Guidelines for Carcinogenic Risk

Assassment (EPA 1986b):

There are major uncertainties in extrapolating both from animals to
humans and from high to low doses. There are important species
differences in uptake, metabolism, and organ distribution of
carcinogens, as well as species and strain differences in target site
susceptibility.  Human populations are variable with respect to
geometric constitution, diet, occupational and home environment,
activity patterns, and other cultural factors.

These uncertainties are compensated for by using upper bounds for cancer potency
factors for carcinogens and safety factors for reference doses for noncarcinogens.

At best, the assumptions used In this rnisk evaluation provide a rough but reasonable
estimate of the upper lmit of risk, i.e., it is not likely that the true nsk would be
much more than the estimated risk, but it could very well be considerably lower,
even approaching zero.

5.4 Conclusion

The assumptions used 1n this EA provide a reasonable estimate of the upper Iimit of
nsk associated with DNAPL-impacted areas at the French Limited site. The nisk
evaluation process provides a method for evaluating the need for additional remedial
action and for the comparison of remedial alternatives.
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The comparison of risks associated with various exposure routes indicates that, in
the absence of remedial action for the DNAPL-impacted areas, there I1s an
unacceptably high short-term future risk (i.e. within 1 to 2 years) associated with
groundwater ingestion at hypothetical exposure points north of Gulf Pump Road
near the INT-11 and S1-13 DNAPL areas (Tables 5-1 and 5-2). These exposure
points were chosen for nisk evaluation because they are adjacent to the highest
groundwater concentrations associated with DNAPL-impacted areas. @ While
groundwater concentrations in the S1-16 and INT-West potential source areas are
significantly lower than that in the S1-13 and INT-11 areas, 1t is evident that
hypothetical exposure points north of Guif Pump Road adjacent to the S1-16 and
INT-West areas would also produce unacceptably high short-term nisks if these
source concentrations are not reduced or controlied.

The nearby Riverdale residential area has a long-term (1.e. 10 to 50 years) future
risk associated with potentially affected groundwater exposure from domestic wells
(Table 5-3). This results from the abiity of DNAPL-impacted soils to provide
continuing sources of chemicals to the groundwater. The migration of this affected
groundwater to nearby domestic wells is possible if hydraulic gradients are
estabhished in the direction of these receptor locations. Similarly, domestic wells
south of the New Hwy. 90 may also be potentially affected in the long-term (i.e. 30
to 200 years) iIf DNAPL-impacted source areas are not remediated or controlled.

The results of the Risk Evaluation indicate that an appropriate remedial response 1s
to control migration of DNAPL-impacted groundwater to possibie receptor locations.
The present remedial operations at French Limited prevent off-site migration of
affected groundwater by controling hydraulic gradients in the shallow alluvial zone.
Long-term migration control of DNAPL-impacted groundwater may be achieved by
maintaining hydraulic controls and/or by isolating potential DNAPL-impacted soil
areas from active groundwater flow regimes.

The INT-11 area s the only area where DNAPL has actually been confirmed to exist
outside the sheetpile cutoff wall (AHA, 1993). Given the acknowledged technical
limitations to eliminating DNAPL occurrence!, the Risk Evaluation results indicate
that containment and/or control of the INT-11 DNAPL source area will be necessary
in order to eliminate unacceptable potential future risks at an exposure point north
of Gulf Pump Road. If current remedial operations are suspended, the calculated
future risk associated with this area is short-term in nature (Table 5-1).
Accordingly, remedial options associated with this source area should be
implemented as soon as practicable.

V' us ePa May, 1992 Considerations in Ground Water Remediation at Superfund Sites and RCRA
Facilities Update (PB92-963358)
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The other defined potential DNAPL-impacted source areas, S1-13, S1-16 and
INT-West, do not have confirmed DNAPL presence outside the sheetpile cutoff wall.
Accordingly, enhanced remedial activities, that have been implemented in these
areas in early 1994, have a reasonable opportunity to reduced source
concentrations to the point where their contribution to groundwater is sufficiently
low that unacceptable rnisks are not seen at the first potential point of exposure.
Monitoring of remedial progress over the next one or two years will establish
whether additional containment/control measures are required In these source
areas. If current remedial operations are suspended, the calculated future risk
associated with these areas are short-term in nature, due to the proximity of the
areas to the point of first potential exposure. Accordingly, if additional remedial
measures are determined to be required, they should be implemented as soon as
practicable.

32 Apni, 1994
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APPENDIX A

SOLUTE TRANSPORT MODEL ASSUMPTIONS,
INPUT PARAMETERS, AND RESULTS

Introduction

As part of the Risk Evaluation process, several potential future exposure scenarios
were developed. These are described in Chapter 3.0 of this report Solute
transport modeling was used to evaluate downgradient concentrations of five
indicator chemical compounds at specified exposure points for each of these
scenarios. The advective transport of dissolved acetone, benzene, vinyl chloride,
1.2 DCA, and chloroform was simulated for five pathways in the S1 unit and three
pathways in the INT unit. These compounds were selected for modeling to
represent the bulk of the chemicals of concern. The five compounds are among the
most prevalent compounds in French imited groundwater and cover the range of
groundwater mobility, with Koc values of 2.2 to 83, as listed in Table 3-2 The
location of the eight pathways are depicted in Figure 3-2. For each of the five
compounds, up to five simulations were run to determine the time at which
concentrations in excess of their standard analytical detection imits (5 micrograms
. per liter) would reach projected downgradient receptors

Method

The computer model AT123D 1s a analytical transient one-, two-, and three-
dimensional computer code used to simulate the movement of contaminants in an
aquifer system. The program was developed by G T Yeh in conjunction with Oak
Ridge National Laboratory and the U. S. Department of Energy (DOE). The model I1s
capable of simulating radicactive, solute, and heat transport with instantaneous,
continuous, or finite duration releases. Mechanisms of transport that may be
included in analyses are advection, hydrodynamic dispersion, adsorption, decay, and
losses due to volatiization. Boundary conditions that may be simulated include
Dinchlet, Neumann, mixed type (Cauchy), or radiation boundaries.

Model Input

The most significant factors governing contaminant transport are groundwater
gradients, the hydraulic conductivity, and the degree of chemical sorption (which
retards the transport of solutes compared to that of groundwater flow) Each
modeling run was performed using the highest possible groundwater gradients with
measured hydraulic conductivity values This yields the highest advective transport
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of constituents in groundwater which i1s appropniate for evaluation of the
Reasonable Maximum Exposure (RME). Average hydraulic conductivity for the S1
and INT units were determined from 51 pumping and recovery tests performed on
S1 and INT wells.

Retardation factors for each chemical were calculated by the AT123D model, from
the standard retardation equation (Freeze & Cherry, 1979).

R =1+ (pp/n) » Kd

where:
R = the retardation factor,
pp = the bulk density of the media,
n = the porosity of the media, and

Kd = the distnbution coefficient of the chemical

The vanables pp n, and Kd are entered as model input and the source of each is
explained below. Porosities and bulk densities of the S1 unit (0 25 and 1.82 g/cc
respectively) and INT unit (0.20 and 1.70 g/cc respectively) were obtained from the
Remediation Design Report (ENSR, 1991; Vol Il, Appendix E). Because bulk
density and porosity are considered to be constants for a given media, the
distribution coefficient, Kd, 1s the input parameter that most affects chemical
retardation. The Kd for each chemical 1s therefore a cnitical input parameter of the
model.

The distnbution coefficient 1s a measure of the tendency of a chemical compound
to partition between soil and water at equiibrium conditions It can be defined as

where, Cg I1s the concentration in soill {(mass/mass) and C,, 1s the concentration in
water (mass/volume) soil  Kd has the units of volume/mass

Distnibution coefficients were calculated for 1,2 DCA and chloroform from soil and
groundwater concentrations obtained in the INT unit from the DNAPL Study Field
Data Report (AHA, 1993). Soil sampling during the DNAPL study was generally
biased towards high contaminant concentrations by the presence of high organic
vapor monitor (OVM) readings duning the field screening of cores To obtain
effective soll concentrations over the length of a monitoring well filterpack,
concentrations from samples were applied only to the sample interval and
concentrations of zero were applied to the remainder of the filterpack. This, in
effect, integrates intervals of high and low concentrations of contaminated soil over
the length of the filterpack, just as a groundwater samples from the well do This
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resulting soil concentration was then divided by the groundwater concentration
from the well to obtain the Kd.

Distribution coefficients for acetone, benzene and vinyl chloride were determined
indirectly because representative soil concentrations were not available due to high
detection mits. These Kd values were calculated from a derived fraction of
organic carbon (fyc) in soil obtained from 1,2 DCA and chloroform Kd values by the

relationship:

where, Kd and foc have been previously defined. Kgc Is the theoretical partitioning
of a compound between a substrate of pure organic carbon and water at
equilibnum. K, values are readily available from various compilations of physical
and chemical data for organic compounds. Values used in this report were obtained
from the EPA, 1986, Superfund Public Health Evaluation Manual (EPA/540/1-86/60)
and are summanzed in Table A-1 for the chemicals modeled.

The calculated fraction of organic carbon (0.01) was assumed to be equal for both
the S1 and INT units based upon values given in the Remediation Design Report
(ENSR, 1991; Vol. I, Appendix E}) Similarly, due to a lack of sufficient field data,
Kd values for each compound were assumed to be equal for the S1 and INT units
Because the denved Kd values used data from the INT unit, the calculated Kd value
for the S1 1s probably high.

Retardation of solute transport due to adsorption by natural organic matter was
determined by the model from conservative estimates of each distribution
coefficient (Kd). The relative retardation values, from highest to lowest retardation,
are benzene, vinyl chlonde, chloroform, 1,2-DCA, and acetone with retardation
values of 7.0, 5.2, 3.6, 3 0, and 1.2 respectively in the S1 unit, and 8 1,5 8, 4 1,
3 3, and 1.2 respectively, in the INT unit.

All simulations were conducted for one-dimensional flow with finite longitudinal
dispersion and neghgible transverse and vertical dispersion (AT123D requires non-
zero values for these parameters). Groundwater velocities and chemical fluxes
were calculated independently from site specific data and used to deteimine
chemical release rates for model input. For each chemical, the maximum observed
groundwater concentration in each source area was used to calculate the chemical
release rate. These "local” maximum concentration values used to calculate model
nput values are shown in Table 2-3 and were obtained from a database search of
analytical data from the wells histed for each area.

Chemical transport was modeled conservatively and each simulation represents a
Reasonable Maximum Exposure (RME) Constant chemical release rates were
maintained for the duration of each simulation to represent the presence of a
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continuing contaminant source due to the presence of DNAPL. Hydraulic gradients
were selected to be conservatively large relative to current conditions. This
assumption represents possible future conditions under which groundwater flow s
influenced by an operation such as continuous quarry dewatering, groundwater
pumping or drought.

Longitudinal dispersivities were chosen from hterature values for comparable
geologic media (NUREG/CR-3066,1982). The ratio of S1 to INT longitudinal
dispersivities were based upon the values given in the Remediation Design Report
(ENSR, 1991; Vol. ll, Appendix E). The actual values from this report wete not
used because of the small scale of the tracer test from which the values were
derived. While biological removal of contaminants strongly affects chemical
concentrations under the current groundwater remediation system, biological and
other types of decay were not included in these simulations for the sake of
conservatism.

Individual Model Simulations and Modeling Results

Aquifer parameters such as hydraulic conductivity, porosity hydraulic gradient, and
groundwater velocity were held constant for each modeled area. In all model
simulations, the relative arrival time of the compounds at a given downgradient
location was controlled primarily by chemical retardation. This order of appearance
was consistent; acetone, 1,2 DCA, chloroform, vinyl chlonde, then benzene
regardless of relative initial concentration

INT Unit

Three scenarios were developed for contaminant transport in the INT umt for
acetone, benzene, vinyl chlonde, 1,2 DCA, and chloroform In each case, a
relatively large hydraulic gradient (0.040 or 0.0176) was selected to reflect possible
future conditions of continuous groundwater pumping or quarry de-watering south
or southwest of the French Ltd. site. The 0.040 gradient used in the simulations of
a domestic well north of Gulf Pump Road was calculated between ambient
groundwater levels and approximate water levels in INT pumping wells The
0.0176 gradient used in the simulation of INT transport to the new highway 90 and
the Riverdale Subdivision was calculated between ambient groundwater levels at
the southwest end of French Lagoon and the most recent sand quarrying operation
south of the Riverdale Subdivision and assumed that groundwater would be drawn
down to the base of the S1 unit. While this gradient i1s unrealistically large for
current conditions, this scenaro i1s consistent with the most Reasonable Maximum
Exposure (RME) concept used for this Risk Evaluation The current contaminant
distribution in the INT strongly suggest that such a quarry de-watering may have
provided a significant dnving force for contaminant movement in the past While
this configuration may not develop a hydraulic gradient from the INT-11 area
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directly to the south, the magnitude of the gradient 1s believed to be the maximum
hikely.

hemical Transport From INT-11 Area h to New U.S. Highway 90

The chemical transport of the five compounds from the INT-11 area south to new
U.S. Highway 90 was conducted to project the exposure of possible future
receptors if development were to occur to the south and 1s depicted as pathway 1
in Figure 3-2. Acetone Is projected to arnve first in 17 years, then 1,2-DCA in 45
years, chloroform next in 55 years, then vinyl chlornidde in 90 years, and benzene In
140 years (Table A-3 and Figures A-1, A-2, A-3, A-4 and A-5).

As the figures show, without remediation efforts to contain or remove the
contaminant sources at the INT-11 area, the potential for exposure at this receptor
location i1s significant If a sufficient hydraulic gradient 1s imposed in this direction
In such a situation, there would be the possibiity of exposure for future
developments south of U.S Highway 90 in as httle as 17 years.

Chemical Transport From the Southwest End of French Lagoon Southwest 10 the

Riverdale Subdivision

The chemical transport of the five compounds from the southwest end of French
Lagoon (termed the INT-West Area) to the southwest was modeled to project the
potential future exposure of residents in the Riverdale Subdivision and is depicted as
pathway 2 in Figure 3-2. The model assumed a future high hydraulic gradient in the
direction of Riverdale imposed by a dewatering operation This is consistent with
the concept of a RME used in this Risk Evaluation

The relative mobility (retardation) of the four compounds controls the arrival time to
the Riverdale Subdivision more than their initial concentrations. The high initial
concentration and low sorption characteristics of acetone insure that it will be the
first compound to reach Riverdale (at 9.2 ppb in 8 years) under the imposed
conditions 1,2-DCA follows 1in 10 years, then vinyl chloride and chloroform in 16
years, and finally benzene in 24 years (Table A-4 and Figures A-6, A-7, A-8, A-9
and A-10).

Unlike the other areas used in the modeling runs, the modeling of contaminant
transport towards the Riverdale Subdivision can be readily compared to the current
contaminant distribution. Only within the last year has this area received enhanced
remedial attention. Though this plume 1s now hydraulically contained, the extent of
contaminants in this area have not been significantly reduced by the remediation
system. A source of contaminants has been present in the west end of the lagoon
since about 1967 when disposal at French Ltd began. The source was not
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contained by the sheetpille wall until 1989. Sand quarrying operations with
dewaterning operated as recently as 1989 south of Riverdale. Given the
heterogeneity of the INT, the vanability of contaminant concentrations near the
lagoon and the vanability of direction and magnitude of hydraulic gradients that may
have occurred over the last twenty years, the modeling results are consistent with
the presence of the lobate contaminant plume in the INT which currently extends
from the west end of the French Lagoon to the southwest.

Without remedial intervention, the possibility of a future increase in size or capacity
of the groundwater wellfield in the Riverdale Subdivision could worsen the problem
by local increases of the hydraulic gradient. Currently, the French Limited
Groundwater Remediation System hydraulically contains the affected areas and
prevents any migration of affected groundwater towards Riverdale.

Chemical Transport From the INT-11 Area South to a Hypothetical Domestic Well
North of Gulf Pump Road

A simulation was conducted to represent the closest possible future receptor to
contaminated INT groundwater. This simulation included the movement of the five
modeled chemicals in groundwater from the INT-11 source area to a hypothetical
domestic well on the north side of Gulf Pump Road The exposure pathway is
depicted in Figure 3-2 as pathway 3. The high concentrations in this area and large
imposed hydraulic gradients used in the model, have resulted in virtually immediate
arnval of all of the modeled compounds The resuits are shown in Table A-9 and
Figures A-31, A-32, A-33, A-34, and A-35.

S1 Unit

Five simulations of contaminant transport in the S1 unit were conducted to
estimate the movement of the five compounds from S1 source areas to three
surface water bodies and two pathways of direct ingestion of contaminated
groundwater from the S1 unit. The human uptake of contaminated water, either as
groundwater or surface water, dermal contact with surface water, and consumption
of aquatic organisms are the proposed routes of exposure in these simulations

The two direct pathways are represented by simulations of contaminated
groundwater flow to hypothetical wells north of Gulf Pump Road and north of the
new highway 90.

The three simulations of groundwater transport to surface water bodies were
conducted with hydraulic gradients of 2 feet over the distances between the
sources and proposed receptors (a slough or pond). This results in gradients of,
0 025 between the S1-16 area and the East Slough, 0 0083 between the S1-16
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area and the East Pond and 0.0042 between the S1-13 area and the South Pond.
These gradients are believed to be the maximum hkely to develop during periods of
extended drought. Since the ponds act as recharge areas after precipitation events,
the discharge gradients were assumed to operate for 10% of the time

As with the INT simulations, the mode! predicted the arrival of the five compounds
to the proposed points of exposure in the S1 unit in the same order (of increasing
mobility or decreasing retardation); acetone, 1,2 DCA, chloroform, vinyl chlonde,
and benzene.

1-16 Area to East Slough

Of the three S1/surface water unit simulations, the chemical transport between the
S$1-16 area and the East Slough was conducted with the largest hydraulic gradient
(due to the short distance of 80 feet between the source area and the slough). This
potential groundwater exposure pathway is depicted as pathway 4 in Figure 3-2
This scenario represents the shortest travel times of the three S1/surface water
simulations between a contaminant source and a receptor. The modeling results
indicate that acetone will arnve first n 5 days, 1,2-DCA next in 14 days, followed
by chloroform in 18 days, then vinyl chloride and benzene in 5 weeks (Table A-5
and Figures A-11, A-12, A-13, A-14, and A-15).

S1-16 Area to East Pond

The potential groundwater exposure pathway between the S1-16 area and the East
pond 1s depicted as pathway 5 in Figure 3-2. Due to the greater distance between
the contaminant source and the exposure point, the gradient between the S1-16
area and the East pond is less than to the East Slough. Similarly the arrnival times
are also greater. The modeling results of the chemical transport between the S1-16
area and the East Pond indicate that acetone will arnve first in 3 months, then 1,2-
DCA 1in 8 months, followed by chloroform in 10 months, then vinyl chloride in 16
months, and benzene in 20 months (Table A-6 and Figures A-16, A-17, A-18, A-19,

and A-20).

S$1-13 Area
to South Pond

Groundwater flow between the S1-13 area to the South Pond represents the
longest travel ime of the three S1/surface water model simulations and 1s depicted
as pathway 7 in Figure 3-2. Acetone will arnve in 1.1 years, 1,2-DCA will arrive In
3.2 years, chloroform next in 3.4 years, then vinyl chloride in 6 years, and benzene
in 9.5 years (Table A-7 and Figures A-21, A-22, A-23, A-24, and A-25).
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The large volume of the South Pond provides the greatest dilution of the three
ponds and results in the lowest mixed concentrations for vinyl chloride, 1,2 DCA,
and chloroform (Table A-2)

Direct Exposure Path s in the S$1 uni

Two simulations were conducted of groundwater transport from the $1-13 area to
hypothetical domestic wells north of Gulf Pump Road and north of the new highway
90.

Chemical Transport From S1-13 Area South to New U.S Highway 90

With the exception of benzene, concentrations of the five modeled compounds in
the S1-13 area represent the highest documented in the areas of known or
suspected occurrence of DNAPL in the S1 umit This area was therefore chosen for
modehng simulations to represent the RME In the S1 unit

The chemical transport of the five compounds from the S1-13 area south to new
U.S. Highway 90 was conducted to project the exposure of possible future
receptors if development were to occur to the south and 1s depicted as pathway 6
in Figure 3-2. Acetone 1s projected to arrive first in 12 months, then 1,2-DCA in 32
months, chloroform next in 35 months, then vinyl chlonde in 41 months, and
benzene in 7.5 years (Table A-8 and Figures A-26, A-27, A-28, A-29 and A-30).

As the figures show, without remediation efforts to contain or remove the
contaminant sources at the S1-13 area, the potential for exposure at this receptor
location 1s significant if a sufficient hydraulic gradient 1s imposed in this direction
In such a situation, there would be the possibility of exposure for future
developments south of U.S. Highway 90 In as little as 2 to 3 years

Chemical Transport From the $1-13 Area South to a Hypothetical Domestic_Well
North of Gulf Pump Road

A simulation was conducted to represent the closest possible future receptor to
contaminated S1 groundwater from the area of the greatest contaminant
concentrations. This simulation included the movement of the five modeled
chemicals in groundwater from the S1-13 source area to a hypothetical domestic
well between the south boundary of the French Limited property and the north side
of Guif Pump Road The exposure pathway is depicted in Figure 3-2 as pathway 8
The high concentrations in this area and large imposed hydraulic gradients used in
the model, have resulted in wvirtually immediate arrival of all of the modeled
compounds. the results are shown in Table A-10 and Figures A-36, A-37, A-38, A-
39, and A-40.
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Conclusions

The time to reach down gradient receptors depends primanly upon groundwater
velocity (which i1s in tern a function of hydraulhic conductivity and hydraulic
gradient), distance, chemical retardation and to a lesser degree hydrodynamic
dispersion. At French Ltd., the magnitude and direction of hydraulic gradients are
the physical parameters most likely to change and have a major effect upon the
groundwater flow system. For a given set of aquifer parameters, the time required
for a contaminant to reach a downgradient receptors depends most upon the
chemical retardation of the chemical compound.

The results of the modeling and independent calculations indicate that, due to
dilution effects in surface water, groundwater contamination 1s of greater concern
than contamination in ponds and sloughs.

Of the S1 scenanos of groundwater discharge to surface water, the transport to the
East Slough poses the worst case, with 1,2 DCA and benzene arnving above 5 ppb
in 2 and 5 weeks, respectively The short distance between the source and the
slough also resulted in highest contaminant loading rates for vinyl chloride, 1,2 DCA
and chloroform and highest mixed surface water concentrations for all of the four
compounds (due to the smallest dilution volume). Groundwater flow between the
S1-13 area to the South Pond represents the longest travel time, with 1,2 DCA and
benzene arriving above 5 ppb in 1.2 years and 9.5 years, respectively. This
scenario also represented the largest contaminant dilution and, with the exception
of benzene, the lowest resulting mixed surface water concentrations.

Without continued remedial action and under conditions of extreme hydraulic
gradients, contaminated groundwater in both the INT and S1 units 1s likely to be

extensive. Within the next 100 years non-potable groundwater could extend west
to Riverdale, south to the new U.S. Highway 90, and east and southeast to East

Slough and East Pond.

Because to modeling runs rely heavily on hydraulic conductivity, gradients, and
distrnibution coefficients, a slight change in any of these values can greatly effect
contaminant movement rates. Because of these shortcomings, the modeling runs
should not be interpreted as fact, but as interpretive tools in estimating contaminant
movement.
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Table A-1: Input Values for Modeling

AREA GwW Porosity Acetone Benzene Vinyl Chloride 1,2-DCA Chloroform
Velocity GW max Q GW max Q GW max Q GW max Q GW max Q
(m/hr) (ug/l) | (kghr) | (ug/lt) | (kg/hr) | (ug/t) | (kg/r) | (ug/l) | (kgitw) | (ug/l) | (kghv)

INT-11 2.12E-03 0.20{ 81,000] 3.43E-05 1,200 5.08E-07 6,000} 2.54E-06| 860,000] 3.64E-04| 850,000} 3.60E-04

Hwy 90

INT-11 4.80E-03 0.20| 81,000| 7.78E-05 1,200 1.15E-06 6,000] 5.76E-06| 860,000 8.26E-04| 850,000 8.16E-04

Wells

INT-West | 2.12E-03 0.20f 110,000] 4 66E-05 3,600]| 1.52E-06] 16,000| 6.78E-06 8,700| 3.68E-06 250| 1.06E-07

$1-13 2.40E-02 0.25]| 76,036| 4.56E-04 1,300 7.80E-06 7,278| 4.37E-05| 20,000{ 1.20E-04| 131,131| 7.87E-04

Hwy 90

S1-16 3.40E-02 0.25]| 33,443| 2.84E-04 3,800| 3.23E-05 1,400| 1.19E-05 6,600| 5.61E-05 3,700| 3.15E-05

E Slough

S1-16 1.13E-02 0.25] 33,443] 9.48E-05 3,800| 1.08E-05 1,400| 3.97E-06 6,600| 1.87E-05 3,700{ 1.05E-05

E. Pond

$1-13 5.44E-02 0.25{ 76,036 1.03E-03 1,300| 1.77E-05 7.278] 9.90E-05| 20,000| 2.72E-04| 131,131] 1.78E-03

Wells

$1-13 5.73E-03 0 25/ 76,036| 1.09E-04 1,300| 1.86E-06 7.278| 1.04E-05| 20,000 2.86E-05| 131,131| 1.88E-04

S. Pond

GW = groundwater

max = maximum concentration detected
DCA = dichioroethane
Q = constant waste release rate {(number required in AT123D)

Notes

All maximum groundwater concentrations taken from monitonng data from wells outside the sheet pile wall
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Table A-1 (cont.) Input Values for Modeling

AREA GW Elev. Total Hydraulic Hydraulic Hydraulic Effective GW
Change Distance Gradient Conductivity Conductivity Porosity Velocity
(ft) (ft) (cm/s) (m/hr) (m/hr)
INT-11 30 1,700 0.0176 6.60E-04 0.024 0.20 2.12E-03
Hwy 90
INT-11 10 250 0.0400 6.60E-04 0.024 0.20 4.80E-03
Wells
INT-West 30 1,700 0.0176 6.60E-04 0.024 0.20 2.12E-03
$1-13 30 1,700 0.0176 9.50E-03 0.340 0.25 2.40E-02
Hwy 90
S1-16 2 80 0.0250 9.50E-03 0 340 0.25 3.40E-02
E. Slough
S1-16 2 240 0.0083 9 50E-03 0 340 0.25 1 13E-02
E. Pond
S1-13 10 250 0.0400 9 50E-03 0.340 0.25 5 44E-02
Wells
$1-13 2 475 0.0042 9 50E-03 0.340 0.25 5.73E-03
S. Pond
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Table A-1 (cont.) Input Values for Modeling

Bulk Lateral Longitudinal
AREA Kd in m3/kg Density (4) |Dispersivity (5)|Dispersivity (6)
Acetone (2) | Benzene (2) [Vinyl Chl (2) [1,2-DCA (1) |Chloroform (1) {g/cc) (m) (m)
INT-Unit 2 20E-05 8.30E-04 5.70E-04 2.70E-04 3.60E-04 1.70 1.00E-05 5
S1-Unit 2.20E-05 8.30E-04 5.70E-04 2.70E-04 3.60E-04 1.82 1.00E-05 8
Notes

Kd = chemical parttioning between soil or sediment and water at equilibnum
foc = fraction of orgamic carbon in the soil matnx

Koc = chemical partithioning between organic carbon and water at equilibrium

{1) Kd for 1,2-DCA and Chloroform based on soil and groundwater data from INT-123

- INT-123 and INT-127 had the best data for Kd calculations based on sample coverage
- Final numbers were based on INT-123 because it provided more conservative Kd's
- Actual soil concentrations were applied over the sample interval only

- A soll concentration of zero was applied to intervals were the well filter pack existed but no samples were taken
(2) Kd's for acetone, benzene and vinyl chlonde were calculated using a foc denved from the 1,2-DCA and chloroform Kd's

- Using Kd = foc x Koc
- Calculated foc = 0 01 was then used to calculate benzene and vinyl chloride Kd's
- Acetone Koc = 2 2 (Lkg)

- Vinyl chlonde Koc = 57 (L/kg)
(3) Kd for S1 unit assumed to be the same as the INT unit (sufficient field data not available)

- Benzene Koc = 83 (L/kg) -1,2-DCA Koec = 14 (L/kg)

- Chloroform Koc = 31 {L/kg)

- Similar foc values for the S1 and INT units based on values given in the ENSR remediation design report (ENSR, 1991)
(4) Bulk densities from ENSR design report (ENSR, 1991)

(5} Very low value for lateral dispersivity assumed for conservative one-dimensional transport
(6) INT value based on literature Ratio of INT/S1 values based on ENSR design report (ENSR, 1991)
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Table A-2: Calculations for Groundwater Discharge to Surrounding Surface Water Bodies

Acetone
5ischarge Water Mixed
Area Flux Conc. Loading Loading Volume Conc.
AREA (m2) (m3/day) (ug/L) (kg/day) (kg/yr) (m3) {ug/l)
S$1-13 900 3.1 76,036 0.236 86.0 43,500 3,956
to South Pond
S1-16 432 29 33,443 0.097 35.4 8,100 8,741
to East Pond
St1-16 244 5.0 33,443 0.167 61.0 5,000 24,413
to East SIouth
Benzene
Discharge Water Mixed
Area Flux Conc. Loading Loading Volume Conc.
AREA (m2) (m3/day) {ug/L) (kg/day) (kg/yr) (m3) (ug/)
S1-13 900 31 1,300 0.004 1.5 43,500 68
to South Pond
S1-16 432 2.9 3,800 0.011 4.0 8,100 993
to East Pond
S1-16 244 5.0 3,800 0019 6.9 5,000 2,774
to East SIth

Mixed concentrations assume a 2 yr time period of loading into the same water volume with complete mixing

Hydraulic gradient from source area to surface water body assumed to be prevailing 10% of the time

{Note that groundwater only discharges to ponds dunng pencds of low precipitation and high evaporation)
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1’3 A-2 (cont.): Calculations for Groundwater Discharge to Surrounding Surface Water Bodies

Vinyl Chloride

Discharge Water Mixed
Area Flux Conc. Loading Loading Volume Conc.
AREA (m2) {m3/day) (ug/L) (kg/day) (ka/yr) (m3) (ugh
S$1-13 900 3.1 7,278 0.023 8.2 43,500 379
to South Pond
S$1-16 432 2.9 1,400 0.004 1.5 8,100 366
to East Pond
$1-16 244 5.0 1,400 0.007 2.6 5,000 1,022
to East Slough
1,2-DCA
Discharge Water Mixed
Area Flux Conc. Loading Loading Volume Conc.
AREA (m2) (m3/day) (ug/L) (kg/day) (kg/yr) (m3) (ug/l)
$1-13 900 31 20,000 0 062 22 6 43,500 1,040
to South Pond
S1-16 432 29 6,600 0019 70 8,100 1,725
to East Pond
S1-16 244 50 6,600 0 033 120 5,000 4,818
to East Slouﬁgh

Mixed concentrations assume a 2 yr ime penod of loading into the same water volume with complete mixing

Hydraulic gradient from source area to surface water body assumed to be prevailtng 10% of the time

{Note that groundwater only discharges to ponds dunng periods of low precipitation and high evaporation)
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Tse A-2 (cont.): Calculations for Groundwater Discharge to Surrounding Surface Water Bodies

Chioroform
Discharge Water Mixed
Area Flux Conc. Loading Loading Volume Conc.
AREA (m2) (m3/day) {ug/L) (kg/day) (kg/yr) (m3) (ugh)
$1-13 900 31 131,131 0.407 148.4 43,500 6,822
to South Pond
S$1-16 432 2.9 3,700 0011 3.9 8,100 967
to East Pond
S1-16 244 5.0 3,700 0.019 6.8 5,000 2,701
to East Slough

Mixed concentrations assume a 2 yr ime penod of loading into the same water volume with complete mixing
Hydraulic gradient from source area to surface water body assumed to be prevailing 10% of the time
(Note that groundwater only discharges to ponds dunng penods of low precipitation and high evaporation)
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Table A-3: Transport in the INT Unit From INT-11 Area to New Hwy 90

Distance to highway = 450 m

Acetone (cniteria = 3,500 ppb)

All concentrations in ppb

Time to highway = 16-17 yrs

Distance
Time m 0 100 200 300 400 450
ft. 0 328 656 984 1312 1476
7 yrs. 81000 45300 182 0 o} 0
10 yrs 81000 73100 9150 84 0 0
17 yrs. 81000 81000 71400 18400 297 10 8
Benzene {(criterta = 5 ppb) Time to highway = 130-140 yrs
Distance
Time m 0 100 200 300 400 450
ft. 0 328 656 984 1312 1476
50 yrs. 1200 730 5.77 0 0 0
100 yrs. 1200 1180 831 73 19 0
140 yrs. 1200 1190 1160 736 88 3 121
Vinyl Chlonde (critena = 2 ppb) Time to highway = 80-90 yrs
Distance
Time m 0 100 200 300 400 450
ft. 0 328 656 984 1312 1476
30 yrs. 6000 2260 27 0 0 0
50 yrs. 6000 5400 739 125 0 0
90 yrs. 6000 5930 5590 2180 81 54
1,2 DCA {(critenna = 5 ppb) Time to highway = 40-45 yrs
Distance
Time m 0 100 200 300 400 450
ft. 0 328 656 984 1312 1476
20 yrs. 860000 529000 3540 0 0 0
40 yrs. 860000 872000 576000 41300 89 1
45 yrs. 860000 845000 718000 134000 1270 36 1
Chloroform (critena = 100 ppb) Time to highway = 50-55 yrs
Distance
Time m 0 100 200 300 400 450
ft. 0 328 656 984 1312 1476
20 yrs. 850000 289000 144 0 0 0
50 yrs. 850000 849000 587000 48100 114 135
55 yrs 850000 845000 700000 124000 1020 258




Concentration {ppb)

Figure A-1
Acetone Transport in the INT
From INT-11 Area to New Hwy 90
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Figure A-2
Benzene Transport in the INT
From INT-11 Area to New Hwy 90
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Figure A-3
Vinyl Chloride Transport in the INT
From INT-11 Area to New Hwy 90
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Figure A4
1.2 DCA Transport in the INT
From INT-11 Area to New Hwy 90
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Figure A-5
Chloroform Transport in the INT
From INT-11 Area to New Hwy 90
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Table A-4: Transport in the INT Unit From INT West Area to

Distance to Riverdale = 122 m

Riverdale Subdivision

Concentrations in ppb

Acetone (cntena = 3,500 ppb) Time to Riverdale = 7-8 yrs
Distance
Time m 0 25 50 75 100 122
ft. 0 82 164 246 328 400
2 yrs. 110000 5430 11.8 0 o 0
4 yrs. 110000 35800 2200 15 0 01 0
8 yrs. 110000 83200 36600 6190 332 9.2
Benzene (criteria = 5 ppb) Time to Riverdale = 23-24 yrs
Distance
Time m 0 25 50 75 100 122
ft 0 82 164 246 328 400
8 yrs. 3600 793 19.4 002 0 0
12 yrs 3600 1640 212 4 35 0 01 0
24 yrs. 3600 3060 1830 558 709 513
Vinyl Chloride (critena = 2 ppb) Time to Riverdale = 15-16 yrs
Distance
Time m 0 25 50 75 100 122
ft. 0 82 164 246 328 400
8 yrs 16000 6490 628 7.89 001 0
10 yrs. 16000 8820 1740 72.7 0.5 0
16 yrs. 16000 13200 7000 1700 155 76
1,2 DCA (cntena = 5 ppb) Time to Riverdale = 9-10 yrs
Distance
Time m 0 25 50 75 100 122
ft. 0 82 164 246 328 400
5 yrs. 8700 4160 564 12.9 005 o
8 yrs. 8700 6570 2890 489 26 2 073
10 yrs. 8700 7470 4610 1470 200 157
Chloroform (criterta = 100 ppb) Time to Riverdale = 15-16 yrs
Distance
Time m 0 25 50 75 100 122
ft. 0 82 164 246 328 400
4 yrs. 250 51 12 0 0 0
8 yrs 250 151 429 34 0 06 0
16 yrs 250 222 177 96 5 299 6 09
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Acetone Transport in the INT
From West End of French Lagoon to Riverdale

" Bjepianly O uUONED0]

—&— 2 yrs
—O0— 4 yrs

— <+ B yrs

20 40 60 80 100 120

Distance (m)

greasn



Concentration (ppb)

4000

3500

3000

2500

2000

1500

1000

500

Figure A-7
Benzene Transport in the INT
From West End of French Lagoon to Riverdale
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Vinyl Chloride Transport in the INT
From West End of French Lagoon to Riverdale
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Figure A-9
1,2 DCA Transport in the INT
From West End of French Lagoon to Riverdale
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Table A-5: Transport in the S1-Unit From $1-16 Area to East Slough

Distance to East Slough = 24 m

Concentrations in ppb

Acetone (criteria = 3,500 ppb) Time to East Slough = 4-5 days
Distance
Time m 0 5 10 15 20 25
ft. 0 16 33 49 66 82
2 days 33443 737 45.9 315 (o} 0
4 days 33443 2500 277 156 005 0
5 days 33443 6560 2610 723 142 19.2
Benzene (criteria = 5 ppb) Time to East Slough = 4-5 weeks
Distance
Time m 0 5 10 15 20 25
ft. 0 16 33 49 66 82
2 weeks 3800 338 49.6 37 02 0
4 weeks 3800 711 251 64 4 111 1.3
5 weeks 3800 841 379 123 299 5 26
Vinyl Chlonde (cnteria = 2 ppb) Time to East Slough = 4-5 weeks
Distance
Time m 0 5 10 15 20 25
ft. 0 16 33 49 66 82
2 weeks 1400 174 43 6 54 05 0.03
4 weeks 1400 342 160 56.7 158 3.2
5 weeks 1400 393 224 97 341 9.65
1,2 DCA {(cnitena = 5 ppb) Time to East Slough = 13-14 days
Distance
Time m 0 5 10 15 20 25
ft. 0 16 33 49 66 82
3 days 6600 214 7.5 008 0 o
7 days 6600 702 142 1563 083 002
14 days 6600 1420 595 186 419 67
Chloroform (critena = 100 ppb) Time to East Slough =17-18 days
Distance
Time m 0 5 10 15 20 25
ft. 0 16 33 49 66 82
5 days 3700 466 116 17 14 006
10 days 3700 661 234 57.5 943 101
18 days 3700 835 364 120 29 2 51
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Figure A-12
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Figure A-13
Vinyl Chloride Transport in the S1
From S1-16 Area to the East Slough
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Figure A-15
Chloroform Transport in the $1
From $1-16 Area to the East Slough
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Table A-6: Transport in the S1-Unit From S1-16 Area to East Pond

Distance to East Pond = 75 m

Concentrations in ppb

Acetone (cnitena = 3,500 ppb) Time to East Pond = 2-3 months
Distance
Time m 0 5 10 20 40 60 75
t. 0 16 33 66 131 197 246
1 month 33443 4320 3450 2280 45 2 0 0
2 months 33443| 13200| 10500 8050 640 238 0.07
3 months 33443] 15200] 13400} 11800 3220 300 308
Benzene (cnteria = 5 ppb) Time to East Pond = 19-20 months
Distance
Time m 0 5 10 20 40 60 75
ft. 0 16 33 66 131 197 246
2 months 3800 500 137 2 0 0 0
10 months 3800 1880 1400 596 325 29 0
20 months 3800 2690 2370 1640 472 60 3 71
Vinyl Chlonide (critena = 2 ppb) Time to East Pond = 15-16 months
Distance
Time m 0 5 10 20 40 60 75
ft. 0 16 33 66 131 197 246
4 months 1400 448 274 534 0 0 0
8 months 1400 718 564 257 18 7 26 0
16 months 1400 1010 921 662 220 354 53
1,2 DCA {(cnitena = 5 ppb) Time to East Pond = 7-8 months
Distance
Time m 0 5 10 20 40 60 75
ft. 0 16 33 66 131 197 246
2 months 6600 1670 1510 152 04 0 0
4 months 6600 2890 2480 923 42 8 31 0
8 months 6600 4290 3540 2660 706 78.3 8
Chloroform (criteria = 100 ppb) Time to East Pond = 9-10 months
Distance
Time m 0 5 10 20 40 60 75
ft. 0 16 33 66 131 197 246
2 months 3700 1470 1100 342 73 0 0
5 months 3700 1590 1340 554 27 4 21 0
10 months 3700 2490 2290 1540 424 50 2 58
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Figure A-16
Acetone Transport in the S1
From S$1-16 Area to the East Pond
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Figure A-17
Benzene Transport in the S1
From S$1-16 Area to the East Pond
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Figure A-18
Vinyl Chloride Transport in the S1
From S1-16 Area to the East Pond
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Figure A-19
1.2 DCA Transport in the S1
From S1-16 Area to the East Pond
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Figure A-20
Chloroform Transport in the S1
From S$1-16 Area to the East Pond
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Table A-7: Transport in the S1-Unit From $1-13 Area to South Pond

Distance to South Pond = 150 m Concentrations in ppb
Acetone (critenna = 3,500 ppb) Time to South Pond = 58-59 wks
Distance
Time m 0 10 20 50 75 100 150
ft. 0 33 66 164 246 328 492
10 wks. 76036| 19600 5690 3.52 0 0 0
24 wks 76036 42400] 26900 1840 32.9 009 0
59 wks 76036 65600 58700 29400 9400 1610 58
Benzene (cniteria = 5 ppb) Time to South Pond = 9-9 5 yrs
Distance
Time m 0 10 20 50 75 100 150
ft. 0 33 66 164 246 328 492
2 yrs, 1300 559 273 4.8 0 0 0
4 yrs. 1300 881 655 1256 98 02 0
95 yrs 1300 1160 1120 779 417 150 73
Vinyl Chlonde (critenia = 2 ppb) Time to South Pond = 5.5-6 yrs
. Distance
Time m 0 10 20 50 75 100 150
ft 0 33 66 164 246 328 492
1yr 7278 2230 818 24 0 0 0
3 yrs 7278 5090 3920 785 66.8 18 0
6 yrs 7278 6570 6110 3730 1620 431 56
1,2 DCA (cnternia = 5 ppb) Time to South Pond = 37-38 months
Distance
Time m 0 10 20 50 75 100 150
ft 0 33 66 164 246 328 492
6 months 20000 5320 1570 11 0 0 0
18 months 20000| 13000 9310 1320 68 1 09 0
38 months 20000{ 17700] 16100 9000 3390 734 52
Chloroform (cnitenra = 100 ppb) Time to South Pond = 40-41 months
Distance
Time m 0 10 20 50 75 100 150
ft 0 33 66 164 246 328 492
10 months 131131 47500] 19900 118 0 0 0
20 months 131131 80600| 55300 6050 213 16 0
. 41 months 131131| 112000{ 99500 47700] 14300 2230 6 2
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Figure A-22
Benzene Transport in the S1
From S1-13 Area to the South Pond
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Figure A-23
Vinyl Chloride Transport in the S1
From $1-13 Area to the South Pond
8000
7000

6000

gg£Ga8y

5000

— & 1yr.

4000 —LDO— 3 yrs

— <+ 6 yrs

3000

2000

1000

puUOJ YINOS JO UOIEIOT

0 20 40 60 80 100 120 140 160
Distance (m)



Concentration (ppb)

20000
18000
16000
14000
12000
10000
8000
6000
4000

2000

Figure A-24
1,2 DCA Transport in the S1
From §1-13 Area to the South Pond
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Figure A-25
Chloroform Transport in the S1
From S1-13 Area to the South Pond
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. Table A-8: Transport in the S1-Unit From S$1-13 Area to New Hwy 90
Distance to Highway 90 = 365 m Concentrations in ppb
Acetone (critena = 3,500 ppb) Time to highway = 11-12 months

Distance
Time m 0 50 100 200 300 365
ft. 0 164 328 656 984 1197
3 months 76036 26500 927 0 0 0
6 months 76036 60000 25200 9490 0 0
12 months 76036 74300 69400 23700 743 157
Benzene (criteria = 5 ppb) Time to highway = 7-7.5 years
Distance
Time m 0 50 100 200 300 365
ft 0 164 328 656 984 1197
2 years 1300 670 84.7 0 0 0
4 years 1300 1180 787 298 0.01 0
7.5 years 1300 1300 1270 787 160 8.63
Vinyl Chlonde (criteria = 2 ppb) Time to highway = 40-41 months
‘ Distance
Time m 0 50 100 200 300 365
ft 0 164 328 656 984 1197
2 years 7278 4670 2960 90 8 0 27 0
3 years 7278 5060 4590 1350 302 046
41 months 7278 5110 4850 2220 136 522
1,2 DCA (cnitena = 5 ppb) Time to highway = 31-32 months
Distance
Time m 0 50 100 200 300 365
ft. 0 164 328 656 984 1197
1 year 20000 13000 2870 6.52 0 0
2 years 20000 19200 15200 1710 55 001
32 months 20000 19900 18600 7350 319 8 96
Chloroform (criteia = 100 ppb) Time to highway = 34-35 months
Distance
Time m 0 50 100 200 300 365
ft. 0 164 328 656 984 1197
1 year 131131 66700 7450 0.09 0 0
2 years 131131 119000 75800 2350 7 06 0
. 35 months 131131 129000 116000 30500 544 6 79
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Figure A-26
Acetone Transport in the S1
From $1-13 Area to New Hwy 90

0pGG8

80000

70000

60000

50000 —%—— 3 months

40000 Ny —0—— 6 months
10
[N -]
= —_—

30000 8 12 months
1S,
T

20000 s
e

10000 'O

0 t——
0 50 100 180 200 250 300 350 400

Distance (m)



Concentration (ppb)

1400

1200

1000

800

600

400

200

Figure A-27
Benzene Transport in the S1
From $1-13 Area to New Hwy 90
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Figure A-28
Vinyl Chloride Transport in the S1
From $1-13 Area to New Hwy 90
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Figure A-29
1,2 DCA Transport in the $1
From S$1-13 Area to New Hwy 90
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Figure A-30
Chloroform Transport in the S1
From $1-13 Area to New Hwy 90
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Table A-9: Transport in the INT-Unit From INT-11 Area
to a Well North of Gulf Pump Road

Distance to well north of Gulf Pump Road = 3 m

Concentrations 1n ppb

Acetone (critena = 3,500 ppb) Time to hypothetical domestic well = < 1 day
Distance
Time m 0 1 3 6 9 12
ft. 0 3 10 20 30 39
1 day 81000 1420 98.9 0 o} 0
5 days 81000 3010 2500 131 124 0
11days 81000 8500 6560 1710 178 9.08
Benzene (critena = 5 ppb) Time to hypothetical domestic well = 10-12 days
Distance
Time m 0 1 3 6 9 12
t. 0 3 10 20 30 39
2 weeks 1200 67 1 7.4 0 01 0 0
10 weeks 1200 232 116 21.4 1956 008
20 weeks 1200 353 236 92.1 259 508
Vinyl Chlonide (cniteria = 2 ppb) Time to hypothetical domestic well = 4-5 days
Distance
Time m 0 1 3 6 9 12
ft. 0 3 10 20 30 39
6 days 6000 282 7.72 0 0 0
36 days 6000 1020 380 39.6 148 0.02
74 days 6000 1560 874 255 46 6 512
1.2 DCA (critenia = 5 ppb) Time to hypothetical domestic well < 1 day
Distance
Time m 0 1 3 6 9 12
ft. 0 3 10 20 30 39
1 day 860000 7100 6.7 0 0 0
14 days 860000 113000 31700 1440 14 1 0.03
22 days 860000 151000 60500 7320 346 59
Chloroform (criteria = 10 ppb) Time to hypothetical domestic well < 1 day
Distance
Time m 0 1 3 6 9 12
ft. 0 3 10 20 30 39
2 days 850000 19100 428 0 0 0
14 days 850000 97800 22200 551 202 0
27 days 850000 148000 59500 7140 334 512
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Figure A-31
Acetone Transport in the INT
From INT-11 Area to a Well North of Gulf Pump Road
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Figure A-32
Benzene Transport in the INT
From INT-11 Area to a Well North of Gulf Pump Road
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Figure A-33
Vinyl Chloride Transport in the INT
From INT-11 Area to a Well North of Gulf Pump Road
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Figure A-34
1.2-DCA Transport in the INT
From INT-11 Area to a Well North of Gulf Pump Road
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Figure A-35
Chloroform Transport in the INT

From INT-11 Area to a Well North of Gulf Pump Road
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Table A-10: Transport in the S1-Unit From S$1-13 Area
to a Well North of Gulf Pump Road

Distance to well north of Gulf Pump Road = 30 m

Concentrations in ppb

Acetone (cnitenia = 3,500 ppb) Time to hypothetical domestic well = 3-4 days
Distance
Time m 0 10 20 25 30 35
ft. 0 33 66 82 98 115
1 day 76036 575 354 0 0 0
2 days 76036 2440 31.5 199 006 0
4 days 76036 8840 900 187 289 34
Benzene (cniteria = 5 ppb) Time to hypothetical domestic well = 35-36 days
Distance
Time m 0 10 20 25 30 35
ft. 0 33 66 82 98 115
7 days 1300 8 86 0 0 0 0
14 days 1300 55.8 116 007 0 0
36 days 1300 260 55 4 195 5 64 133
Vinyl Chionde {cniteria = 2 ppb) Time to hypothetical domestic well = 19-20 days
Distance
Time m 0 10 20 25 30 35
ft. 0 33 66 82 98 1156
10 days 7278 297 567 035 00 0
14 days 7278 570 32.2 444 0 41 003
2Q days 7278 1010 132 33 63 0.92
1,2 DCA lenitena = 5 ppb) Time to hypothetical domestic well = 9-10 days
Distance
Time m 0 10 20 25 30 35
ft 0 33 66 82 98 115
5 days 20000 597 6 43 0 27 0 0}
7 days 20000 1210 45.3 46 03 001
10 days 20000 2230 218 43 9 6 51 07
Chloroform {crnitena = 10 ppb) Time to hypothetical domestic well = 9-10 days
Distance
Time m 0 10 20 25 30 35
ft. 0 33 66 82 98 115
5 days 131131 2370 995 021 0 0
7 days 131131 5290 99 3 612 217 0
10 days 131131 10500 624 88 3 8§52 055
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Acetone Transport in the INT

From S1-13 Area to a Well North of Guif Pump Road
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Figure A-37
Benzene Transport in the INT
From S1-13 Area to a Well North of Gulf Pump Road
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Figure A-38
Vinyl Chloride Transport in the INT
From $1-13 Area to a Well North of Gulf Pump Road
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Figure A-39
1,2-DCA Transport in the INT

From $1-13 Area to a Well North of Guif Pump Road
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Figure A-40
Chloroform Transport in the INT

10

[1SM [eo18YI10dAH JO UONEIOT

15 20
Distance (m)

—®—— b days

—0— 7 days

—<+— 10 days

9geu8e









H85557

APPENDIX B

EXPOSURE EQUATIONS AND VARIABLES
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TABLE B-1

RESIDENTIAL EXPOSURE: INGESTION OF
CHEMICALS IN DRINKING WATER

Equation:

Intake {(mg/kg-day) = CW x IR x EF x ED
BW x AT

Where

CW = Chemical Concentration in Water (mg/liter)

IR = Ingestion Rate (liters/day)

EF = Exposure Frequency {days/year)

ED = Exposure Duration {years)

BW = Body Weight {kg)

AT = Averaging Time (period over which exposure is averaged - days)

Vanable Values
cw Site-specific measured or modeled value

IR 2 hters/day (adult, 90th percentile; EPA 1989d)
1 4 Iters/day (adult, average; EPA 1989d)
Age-specific values (EPA 1989d)

EF: Pathway-specific value {for residents, usually daily - 365 days/year)

ED. 70 years (ifetme, by convention)
30 years {national upper-bound time (90th percentile)
at one residence, EPA 1985ba, 1989d)
9 years (national median time {50th percentile)
at one residence; EPA 1989d)

BW 70 kg (adult, average, EPA 1989d)
Age-specific values (EPA 1985a, 1989d)

AT: Pathway-specific penod of exposure for noncarcinogenic effects
(1 e., ED x 365 days/year), and 70 year lifetime for carcinogenic
effects (1 e , 70 years x 365 days/year)
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TABLE B-2
RESIDENTIAL EXPOSURE:

. INGESTION OF CHEMICALS IN SURFACE WATER
WHILE SWIMMING

Equation.
Intake (mg/kg-day) = CW x CR x ET x EF X ED
BW x AT
[
Where
CW = Chemical Concentration in Water (mg/liter)
CR = Contact Rate {liters/hour)
ET = Exposure Time (hours/event)
EF = Exposure Frequency (events/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT = Averaging Time (penod over which exposure 1s averaged - days)

Variable Values
CW: Site-specific measured or modeled value
CR- 50 mi/hour {EPA 1989d)

' ET: Pathway-specific value

EF Pathway-specific value {should consider local chmatic conditions
{e g , number of days above a given temperature] and age of
potentially exposed population)

7 days/year (national average for swimming, USDO! in
EPA 1988b, EPA 1989d)

ED 70 years {ifetime, by convention)
30 years {national upper-bound time {90th percentile)
at one residence, EPA 1985a, 1989d)
9 years (national median time (50th percentile)
at one residence, EPA 1989d)

BW: 70 kg (adult, average, EPA 1989d)
Age-specific values (EPA 1985a, 1989d)

AT Pathway-specific period of exposure for noncarcinogenic effects
{1e, ED x 365 days/year}, and 70 year Iifetime for carcinogenic
effects (1 e., 70 years x 365 days/year)
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TABLE B-3

RESIDENTIAL EXPOSURE:
DERMAL CONTACT WITH CHEMICALS IN WATER

Equation
Absorbed Dose {mg/kg-day) = CW x SA x PC x ET x EF x ED x CF
BW x AT
Where
CW = Chemical Concentration in Water (mg/liter)
SA = Skin Surface Area Available for Contact {cm?)
PC = Chemical-specific Dermal Permeability Constant (cm/hr)
ET = Exposure Time (hours/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
CF = Volumetnic Conversion Factor for Water (1 iter/1000 cm?3)
BW = Body Weight (kg)
AT = Averaging Time (period over which exposure 1s averaged - days)

Vanable Values

cw Site-specific measured or modeled value

SA: 50th Percentile Total Body Surface Area (m?2) (EPA 1989d, 1985a)

AGE (YRS) MALE FEMALE
3<6 0728 0711
6<89 0 931 0919
9< 12 116 116
12 < 15 149 148
156 < 18 1.75 160
Aduit 194 169

50th Percentile Body Part-specific Surface Areas for Males {(m?)
(EPA 1989d, 1985a)

AGE(YRS) ARMS HANDS LEGS

3<4 0 096 0040 018
6 <7 011 0 041 024
9<10 013 0 057 03
Adult 023 0 082 055

Values for children were calculated using age-specific body surface areas and the
average percentage of total body surface area represented by particular body parts in
children, presented in EPA 1985a Values for adults presented in EPA 1989d or
calculated from information presented in EPA 1984a Information on surface area of
other body parts (e g, head, feet) and for female children and adults also 1s presented
in EPA 1985a, 1989d Differences in body part surface area between sexes Is
neghgible

NOTE




85561

TABLE B-3 (cont.)

RESIDENTIAL EXPOSURE:
DERMAL CONTACT WITH CHEMICALS IN WATER

Vanable Values (cont }'

PC:

ET.

EF:

ED:

® -

BW

AT

Consult open literature for values [Note that use of PC values
results in an estimate of absorbed dose ]

Pathway-specific value (consider local activity patterns if information
1s available)

2 6 hrs/day (national average for swimming, USDO! in EPA 1988b,
EPA 1989d)

Pathway-specific value {should consider local climatic conditions
{e g , number of days above a given temperature] and age of
potentially exposed population)

7 days/year (national average for swimming; USDOI in
EPA 1988b, EPA 1989d)

70 years (ifetime, by convention)

30 years (national upper-bound time (90th percentile)
at one residence, EPA 1985a, 1989d)

9 years (national median time (50th percentile)
at one residence, EPA 1989d)

1 Iiter/1000 cm?

70 kg (adult, average; EPA 1989d)
Age-specific values (EPA 1985a, 1989d)

Pathway-specific period of exposure for noncarcinogenic effects
(1 e, ED x 365 days/year), and 70 year ifetime for carcinogenic
effects {1 e , 70 years x 365 days/year)
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TABLE B-4

RESIDENTIAL EXPOSURE:
INHALATION OF AIRBORNE (VAPOR PHASE) CHEMICALS

Equation
Intake (mg/kg-day}) = CA x IR x ET x EF x ED
BW x AT
Where
CA = Chemica! Concentration in Air (mg/m?3)
IR = Inhalation Rate (m3/hour)
ET = Exposure Time (hours/day)
EF = Exposure Frequency (days/year)
ED = Exposure Duration (years)
BW = Body Weight (kg)
AT = Averaging Time (penod over which exposure 1s averaged - days)

Vanable Values
CA: Site-specific measured or modeled value

IR 30 m3/day (adult, suggested upper bound value, EPA 1989d)
20 m3/day (adult, average, EPA 1989d)
Hourly rates (EPA 1989d)
Age-specific values (EPA 1985a)
Age, sex, and activity based values (EPA 1985a)
0 6 m3/hr - showering (all age groups, EPA 1989d)

ET Pathway-specific values (dependent on duration of exposure-related
activities)
12 minutes - showering (90th percentile, EPA 1989d)
7 minutes - showering {50th percentile; EPA 1989d)

EF Pathway-specific value (dependent on frequency of showering or
other exposure-related activities}

ED. 70 years (ifeume, by convention)
30 years (national upper-bound time (90th percentile)
at one residence, EPA 1985a, 1989d)
9 years (national median time (50th percentile)
at one residence, EPA 1989d)

BW. 70 kg (adult, average, EPA 1989d)
Age-specific values (EPA 19853, 1989d)

AT Pathway-specific period of exposure for noncarcinogenic effects
{1 e , ED x 365 days/year), and 70 year lifetime for carcinogenic
effects {1 e, 70 years x 365 days/year)
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TABLE B-4 (Continued)

CALCULATION OF EXPOSURE FOR
INHALATION OF VAPOR PHASE CHEMICALS DURING SHOWERING

Exposure concentrations and CDI based on inhalation during showering

with contaminated groundwater (modified after Foster and Chrostowski, 1987)
CA =SxD =CwWdxFRxD/SV (1A)

D = Ds + exp{-tDt}/r - exp(r(Ds-Dt)i/r . . . (18)

where:

CA = average air concentration during showering (mg/m3)
S = indoor chemical vapor generation rate (ug/m3-min}
FR =shower water flow rate [assumed at 20 L/min]
Ds = duration of shower {(min) [assumed at 12 min]
Dt = total time in shower room (min) [assumed at 25 min]
r = air exchange rate (1/min) [assumed at O 0083 vol/mun]
SV = shower room volume (m3) [assumed at 10.5 m3]
CWd = water concentration leaving the shower droplets (ug/L)

= CW (1-exp(-Kal*ts/60d)) . (2)
CW = water concentration (ug/L)
Kal = mass transfer coefficient (hquid -gas) adjusted for water temp (cm/hr)

= 1/{1/kl + (R*T)/(H*kg) veee {3)

ts = shower droplet drop time (sec) [assumed at 2 secs]
d = shower droplet diameter (mm) [assumed at 1 mm]
ki = liquid - film mass tranfer coefficient {(cm/hr)
kHCO2) sqrti(44/MW)] (4)
gas - film mass tranfer coefficient {cm/hr)
kg{H20) sqrti{18/MW)]} . e e reeenes {5}
= Henry,s Law Constant (atm-m3/mol)
gas constant (m3- atm/(mole-degK)
temperature {(degK)

kg

H
R
T

Intake by inhalation based on showering with contaminated groundwater scenario
intake (mg/kg-day) = CA*IR*ET*EF*ED/(BW*AT)

where
CA = arr concentration {mg/m3)
IR = Inhalation rate (m3/hr)
ET = Exposure time {(hrs/day)
EF = Exposure frequency {(days/yr)
ED = Exposure duration (yrs)
BW = Body weight {Kg)
AT = Averaging time for exposure effects {days)
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APPENDIX B-4

Volaphzation of Chemicals During Showering

Potential inhalation exposures to chemicals in groundwater used as a domestic
water source were evaluated for a showering scenario, using a model developed by
Foster and Chrostowski (1987). This model i1s based on the rate at which a
chemical escapes as a vapor from water droplets produced during showering, and 1s
modeled using mass transfer coefficients The model also assumes a constant
ventilation (breathing) rate for an individual. The model provides an estimate of the
exposure to volatile chemicals present in the shower (tap) water via inhalation of
chemical vapors produced during and after showering. The Foster and Chrostowski
model assumes a gradual bulldup of chemical vapors in the bathroom during
showering and a decrease, or decay, during the additional few minutes an tndividual
is expected to remain in the bathroom after showering.

The parameters and equations used for estimating the rate of vaponzation and
inhalation exposure are summarnzed in Table B-4. Two important parameters used
in the model are "k " and "k,", the gas- and hqud-film mass transfer coefficients,
respectively Foster and Chrostowsk: (1987) present relationships for estimating
these chemical-specific parameters from known k values for water and carbon
dioxide. A particularly attractive feature of the Foster and Chrostowsk: approach is
the capability of the model to estimate a total hypothetical inhalation dose to the
individual, including the additional dose received during the time from the end of the

. shower to the time the individual leaves the bathroom. This additional exposure 1s
considered by assuming an exponential decay of chemical vapors following
termination of the shower, the air exchange rate, the total duration in the shower
room, and the difference between the total duration and the shower time.

This shower model accounts for all factors that are expected to significantly affect
the inhalation exposure dose an individual may receive when showering with
contaminated domestic water. One of the more important factors is the air
exchange rate, r. This parameter accounts for the time-dependent escape of
chemical vapors from the bathroom to outside aw. Since the bathroom door is
assumed to be closed during shower activities, a conservatively small value for r of
0.0083 vol./min. was used to model inhalation doses from chemicals n the
groundwater. Use of this value assumes that 0.83 percent (less than 1 percent) of
the total volume of air in the bathroom exchanges with outdoor air every minute.
Foster and Chrostowski (1987) have pointed out that this value represents an upper
bound estimate of the actual arr exchange rate. Foster and Chrostowski (1987}
suggest a range of 0.5 vol./hr. (0.0083 vol /min.) to 15 vol /hr. Therefore,
because the air concentration of volatile chemicals in the bathroom generated
during showering is inversely related to the air exchange rate, choosing the low end
of a range of air exchange rates ensures that the final calculated inhalation doses
will be maximized and conservative. This value of 0 0083 vol./min 1s also
consistent with the air exchange rates reported by ASHRAE (1981)

B-4 - 1
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Estimation of the rate of a chemical released into the air during showering was
denved from Liss and Slater's (1974) adaptation of the two-layer film model of gas-
hiqud mass transfer. The two-film boundary theory provides the basis for
estimating the overall mass transfer coefficient (K) for each chemical of interest.
Equation 3 describes the mass transfer rate of a compound at an air-water interface
where diffusion may be limited by both hquid- and gas-phase resistances.

The chemical-specific resistances to mass transport for both the liquid and gas
phases were calculated from empirical expressions suggested by Foster and
Chrostowski (1987) and are expressed in Equations 4 and 5. Values of k, (20
cm/hr.) and k, (3,000 cm/hr.), which have been measured for CO, and H,0,
respectively (Liss and Slater, 1974), were used to estimate chemical-specific values
for these parameters. The molecular weights of 18 and 44 g/mole for H,0 and
CO, respectively, were used in the equation.

The chemical concentration leaving the shower droplet, C,,, was dernved using
Equation 2, an integrated rate Equation based on a mass-balance approach. The
term K,.,/60d, combines both the rate transfer and the available interfacial area
across which volatilization can occur. The term 1/60d 1s obtained by multiplying
the specific interfacial area for a spherical shower droplet of diameter d, given by
the term 6/d, by conversion factors of 1 hr./3600 sec and 10 mm/cm The
chemical generation rate in the shower room, S, was then calculated according to
Equation 1. The shower room air volume (SV) was set equal to a value of 10.5 m3.
In the absence of more specific information on the shower room air volumes In
homes In the vicinity of the French Limited site, this assumed volume gives a
reasonable estimate of the inhalation exposures an individual may hypothetically
receive due to showering with contaminated groundwater.

The Foster and Chrostowski model (1987) was used to estimate chemical air
concentrations in the shower room during and after the shower. This model can be
expressed as a differential equation describing the rate of change of the indoor
chemical concentration with time:

dC,/dt = 1C, + S (7
where:
C, = indoor chemical air concentration (ug/m3)
r = air exchange rate (min-'), and

All other parameters have been previously defined.

Some of the values for the parameters used in the model were derived from
chemical-specific sources and as such, can be obtained from the literature or can be
calculated according to accepted mathematical relationships. Other parameters
were derived from exposure-specific sources

B-4 -2
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TABLE B-5

RESIDENTIAL EXPOSURE: FOOD PATHWAY -

INGESTION OF CONTAMINATED FISH AND SHELLFISH

Equation
Intake {(mg/kg-day) = CF x IR x FI x EF x ED
BW x AT
Where
CF = Chemical Concentration in Fish {mg/kg)
IR = ingestion Rate (kg/meal)
Fl = Fraction Ingested from Contaminated Source (unitless}
EF = Exposure Frequency (meals/year)
ED = Exposure Duration {years)
BW = Body Weight (kg)
AT = Averaging Time (period over which exposure 1s averaged - days)

Variable Values

CF.

IR:

Fi

EF

ED:

BW

AT

Site-specific measured or modeled value

0 284 kg/meal (95th percentile for fin fish, Pao et 3/ 1982)
0 113 kg/mea! (50th percentile for fin fish, Pao et 8/ 1982)

132 g/day (95th percentile dailly intakes averaged over three days
for consumers of fin fish, Pao et a/. 1982)

38 g/day (50th percentile daily intake, averaged over three days
for consumers of fin fish; Pao et a/ 1982)

6 5 g/day {(daily intake averaged over a year, EPA 1989d
NOTE Daily intake values should be used in conjuction with
an exposure frequency of 365 days/year )

Specific values for age, sex, race, region and fish species are
available (EPA 1989d, 1989h)

Pathway-specific value {should consider local usage patterns)

Pathway-specific value (should consider local population patters
if nformation is available)

48 day/year (average per capita for fish and shellfish, EPA Tolerance
Assessment System in EPA 1989h)

70 years (lifetime, by convention)

30 years {national upper-bound time (90th percentile)
at one residence, EPA 1985a, 1989d)

9 years (national median time (50th percentile)
at one residence, EPA 1989d)

70 kg (adult, average, EPA 1989d)
Age-specific values (EPA 1985a, 1989d)

Pathway-specific period of exposure for noncarcinogenic effects
(te, ED x 365 days/year), and 70 year ifetime for carcinogenic
effects {1 e, 70 years x 365 days/year)
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DNAPL STUDY French Ltd. Project
RISK EVALUATION FLTG, Incorporated

APPENDIX C

SUPPLEMENTAL DNAPL ANALYSES

11/18/93

AHA File Name REAPP-C DOC Apni, 1984
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Suarary of Aralytical Results
Dake recaived: 17-DR0-1983  Qustomer: FIOG ,DN0. &b nxm: H33+12,159

Saples

Sanplirg Point R X X
Dete Swpled za'-%r-m 84071993 2400-1993

Tetal Oopnie Halegens (Solid) myfRg  <0.0 18000 340000

ysk:
Data/Nme: 12/23/93
Dilution: 1.0

‘ Total Oogande Cadken (Solid)  mg/y <8040 88400 32100
Pralyst: DH
Date/Dimes 12/23/%3
Dilutien: 1.0

nanNnNnN?
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INST 1D

4020

SAMPLE NUMBER: S04J000202

ORGANICES ANALYSIS DATA BHEET

BORATORY NAME: CHESTER LABNET
«nB SAMPLE ID NO.: 931215902
SAMPLE MATRIX: SOIL
DATA RELEASE AUTHDR1ZED BY:. cos

TILES

CONCENTRATION: MED
DATE ANALYZED: 12/29/93

DATE SAMPLE RECEIVED:

DATAFILE: RUI2159v02
DILUTION FACTOR: 290, 00

12/17/93

DETECTJION AMDUNT
COMPQUND LIMIT FOUND
(MILLIORAMB / KOG)
€010 CHLORDOMETHANE 2300 v
€COt® BROMOMETHANE 2800 v
CO20 VINYL CHLORIDE 2900 v
Co25 CHLOROETHANE 2000 ....... . 2300 v
CO30 METHYLENE CHLORIDE 1230 ........ ‘e 1600
CO3% ACETONE 2500 U
C040 CARBON DISULFIDE 1250 v
€043 1, 1~-DICHLOROETHENE 1250 ,..... voess 2300
C050 1, 1=DICHLOROETHANE 1280 ..... e 9000
G033 1, 2~DICHLOROETHENE (TOTAL) 1250 ........... 47000
€060 CHLOROFQRM 12% ...... v oa . 180000
CO&6% 1, 2-DICHLOROETHANE 1230 ..... ..... 130000
Cl110 -BUTANDNE *B00 U
C115 1,1, 1~-TRICHLORDETHANE 18%0 v
C120 CARBON TETRACHLORIDE /a0 ..,......... Q0000
Ci2% VINYL ACETATE 2900 L
C130 BROMODICHLOROMETHANE 1280 L
C140 1, 2~DICHLOROPROPANE 12% V
C143 ciIS-1, 3-DICHLOROPROPENE 1250 v
Ci1%0 TRICHLOROETHENE 1250 8200
C1i9% DIBROMOCHLOROMETHMANE 1250 U
€160 1,1,2~TRICHLDROETHANE 1280 v
Cl4% BENZENE 1250 v
Ci172 TRANS=-1, 3-DI1CHLOROPROPENE 1250 v
€175 2-CHLORDETHYLVINYLETHER 23500 v
C180 BROMOFORM 1250 v
C20% 4-METHYL-2-PENTANONE 2300 v
C210 2-HEXANODNE 2500 v
C220 TETRACHLORDETHENE 1250 v
C225% 1.,1,2, 2-TETRACHLOROETHANE 12%0 v
C230 TOLUENE 1200 V
C23% CHLOROBENZENE 1250 v
€240 ETHYLBENZENE 12% ........... 710 J
€243 STYRENE 1250 U
C230 XYLENES (TOTAL) 1250 3300

= UNDETECTED AT THE LISTED DETECTION LIMIT

» « COMPOUND I8 PRESENT,

000003

BUT BELOW THE LI&GTED DPETECTION LIMIT
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SAMPLE NUMBER: 8044000202

ORGANICS ANALYSIS DATA SHEET ~ PAGE 4
LABORATORY NAME: CHESTER LABNET CASE NO.: ~==
QC REPORT NO.: ...0.... ANALYST: PFC DATAFILE: RU12159V0:
B. TENTATIVELY IDENTIFIED COMPOUNDS

CAG # VOLATILE COMPOUND NAMES SCAN#  PURITY AMOUNY
MO/KG
UNKNOWN-DOEEN ‘T MATCH ANY LIBRARY SPECTRA 325 310000
UNKNOWN—-DOESN ‘T MATCH ANY LIBRARY SPECTRA 833 48000
UNKNOWN-DOESN T MATCH ANY LIBRARY SPECTRA 635 4200
UNKNOWN~DOESN ‘T MATCH ANY LIBRARY GPECTRA 728 2300
ALIPHATIC HYDROCARBON 743 27000
UNKNOWN-DOEEN’T MATCH ANY LIBRARY SPECTRA 761 2400
UNKNOWN=-DDESN ‘T MATCH ANY LIBRARY SPECTRA 784 23000

J = EGTIMATED VALUE - A 1:1 RESPONSE FACTOR IS ASSUMED

00000k
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INST 1ID:

LAB SAMPLE ID NO,:
SAMPLE MATRIX:
DATA RELEASE AUTHORIZ2ED BY:.

4020

BAMPLE NUMBER: §04U000202 (DL.)

ORGANICS ANALYSIS DATA BHEET
BORATORY NAME: CHESTER LABNET

931218902A
SOIL

CONCENTRATION: MED
DATE ANALYZED: 12/29/93

ATILES

DATE SAMPLE RECEIVED:

DATAFILE: RU12159V02A
DILUTION FACTQR: S000. Q0

12/717/93

DETECTION AMOUNT
COMPOUND LIMIT FOUND
(MILLICGRAMS / KQ)
C010 CHLOROMETHANE 50000 U
CO15 BROMOMETHANE 30000 U
COR0 VINYL CHLORIDE S0000 vV
CO2% CHLORDETHANE J0000 U
CO30 METHYLENE CHLORIDE 25000 vV
CO35 ACETONE 80000 UV
C040 CARBON DISULFIDE 29000 U
€043 1, 1-DICHLOROETHENE 25000 U
C080 1, 1-DICHLOROETHANE 25000 v
C0%3 1,2-DICHLOROETHENE (TOTAL) a%00 ........... 80000
€060 CHLOROFORM 9000 ...... V... 220000
€043 1, 2~DICHLOROETHANE 28000 ........... 140000
C110 2-BUTANONE 30000 U
C115 1,1, 1-TRICHLOROEYHANE 28000 v
C120 CARBON TETRACHLORIDE 28000 ...........190000
Ci23 VINYL ACETATE S0000 U
€130 BROMODICHLOROMETHANE 28000 U
€140 1, 2-DICHLOROPROPANE 23000 V
€143 (C158-1, 3-DICHLOROPROPENE 23000 U
€130 TRICHLORDETHENE 29000 VU
C19% DIBROMOCHLOROMETHANE 25000 U
€160 1, 1,R=TRICHLOROETHANE <5000 U
C145 BENZENE 25000 U
C172 TRANS-1,3-DICHLOROPROPENE 23000 U
C17% Q-CHLOROETHVLVINYLETHER 20000 V
€180 BROMOFORM 285000 U
C20% A4-METHYL~2-PENTANONE 30000 U
C210 2-HEXANONE 30000 VU
C220 TETRACHLOROETHENE 25000 v
c223 1, 1,2, 2-TETRACHLOROETHANE 25000 v
€230 TOLUENE <3000 U
€235 CHLOROBENZIENE 28000 U
C240 ETHYLBENZENE 25000 vV
C24% S8TYRENE 23000 U
C230 XYLENES (TOTAL? 25000 V

= UNDETECTED AT THE LISTED DETECTION LIMIT

J = COMPOUND 1§ PRESENT,

BUT BELOW THE LISTED DETECTION LIMIT

AnnNNS
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INSY ID: 4020 CHESTER DC # ~~—- 8

SAMPLE NUMBER: §04J000202

ORGANICS ANALYSIS8 DATA S8HEET ~ PAGE 4

LABORATORY NAME: CHES8TER LABNET CABE NO.: ===

QC REPORT NO.: .,....... ANALYST: PFC DATAFILE: RU12139V0z
B. TENTATIVELY IDENTIFIED COMPOUNDS

CAS VOLATILE COMPOUND NAMES SCAN#  PURITY AMOUNT
MO/KQ
UNKNOWN-DOESN'T MATCH ANY LIBRARY SPECTRA 530 41000
UNKNOWN=-DOESN ‘T MATCH ANY LIBRARY SPECTRA S92 49000
UNKNOWN-DOESN’T MATCH ANY LIBRARY GPECTRA  &82 140000
UNKNOWN-DOESN’T MATCH ANY LIBRARY SPECTRA 702 36000
UNKNOWN-DOESN‘T MATCH ANY LIBRARY S8PECTRA 776 600000

J = ESTIMATED VALUE - A 1:1 REBPONSE FACTOR 18 ABSUMED
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INST ID: 4330 SAMPLE NUMBER: 804J0Q0202

ORGANICS ANALYE1E8 DATA BHEET =

ABORATORY NAME: CHESTER LABNET
LAB GAMPLE ID NO.: 931213902
SAMPLE MATRIX: 801L

DATA RELEASE AUTHDRIZED BY:. - DATE SAMPLE RECEIVED: 12/17/93
MIVOLATILES
CONCENTRATION: LOW DATAFILE: 4U121%9COR

DATE EXTRACTED: \12/28/93
DATE ANALYZ2ED: 01/29/94

DETECTION AMOUNT

COMPOUND LIMIT FOUND
(MILLIGRAMS 7 KQ)
c318 PHENOL 1000 U
C325 BIS(2-CHLOROETHYL)ETHER 1000 U
€330 &-CHLOROPHENOL 1000 V
C33% 1., 3~DICHLOROBENZENE 1000 V
€340 1, 4-DICHLOROBENZENE 1000 U
C34% BENZYL ALCOHOL . 1000 U
CA30 1, @-DICHLOROBENZENE 1000 U
€353 2-METHYLPHENOL 1000 V
€337 2,2’=-0XYB18(1~CHLOROPROPANE) 1000 VU
C368 4=-METHYL.PHENOL 1000 U
€370 N~-NITROSODIPROPYLAMINE 1000 U
€375 HEXACHLORDETHANE 1600 .. ........ 33000
C410 NITROBENZENE 1000 U
C413 1SOPHORONE 1000 v
€420 2-NITROPHENOL 1000 U
€425 2, 4=-DIMETHYLPHENOL 1000 VU
€430 BEN2DIC ACID 3000 U
C43% BIS(2-CHLOROETHOXY)METHANE 1000 V
C440 2, 4~-DICHLOROPHENOL 1000 V
c443 1,2, 4~TRICHL.ORUBENZENE 1000 ......... v 940
CASO NAPHTHALENE 000 .......... . 4700
CA3Y 4-CHLORDANILINE 1000 U
C4460 HEXACHLOROBUTADIENE 1000 ........... 220000
€469 P~CHLORO-M-CRESOL 1000 V
€470 Q-METHYLNAPHTHALENE 1000 ........... 1600
€910 HEXACHLORDCYCLOPENTADIENE 1000 U
C319 2,4, 6~-TRICHLOROPHENOL 1000 U
€920 2.4, 3-TRICHLOROPHENOL 3000 U
C925 2~CHLORONAPHTHALENE 1000 U
€930 2-NITROANILINE S000 V
C33% DIMETHYL PHTHALATE 1000 vV
€940 ACENAPHTHYLENE 1000 ... . ..... 44
€943 3J-NITROANILINE 5000 U
C3%0 ACENAPHTHENE 1000 .. 2000
€385 2, 4-DINITROPHENOL 3000 U
€840 A-NITROPMENOL 9000 v
€563 DIBENZOFURAN 1000 ...... .o 1200
€370 2, 4-DINITROTOLUENE 1000 V
€943 2, 6~DINITROTOLUENE 1000 U

annnny
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CHEGTER LABNET DC # ~-- @

SAMPLE NUMBER: S04J000202

SEMIVOLATILE ORGANICEB ANALYSIS DATA SHEET, CONTINUVED

DATAFILE: 4U121359C02

COMPOUND

DETECTION

LIMIT

AMOUNT
FOUND

(MILLIGRAME / K@)

€980 DIETHYL PHTHALATE

c%8% 4~CHLOROPHENYL
€390 FLUORENE
C992 4~NITROANILINE

PHENYL ETHER

C410 4, 6~DINITRO-2-METHYLPHENOL
€615 N-NITROSODIPHENYLAMINE
C6RD A4-BROMOPHENYL PHENYL ETHER
€430 HEXACHLOROBENZENE

Ce35 PENTACHLOROPHENOL

C640 PHENANTHRENE
€640 ANTHRACENE
C650 DI=N-BUTYL PHT
Co83 FLUOGRANTHENE
€740 PYRENE

C720 BUTYL BENZYL P
C72% 3,3’-DICHLOROB

HALATE

HTHALATE
ENZIDINE

€730 BENZO(A)ANTHRACENE
€743 BIB(2-ETHYLHEXYL)PHTHALATE

C740 CHRYBENE

€760 DI=N-OCTYL PHT
€765 BENZO(B)FLUORA
C770 BENZO(K)FLUORA
C77% BENZO(A)PYRENE
€780 INDENO(1, 2, 3~C
€785 DIBENZO(A, H)AN

HALATE
NTHENE
NTHENE

D)PYRENE
THRACENE

C790 BENZO(OHI)IPERYLENE

U = UNDETECTED AT THE L1STED DETECTION LIMIT
BUT BELOW THE LISTED DETECTION LIMIT
* v AMDUNT TAKEN FROM 1: 5000 CORRECTION FACTOR RUN

v = COMPOUND 18 PRESENT,

000008

1000
1000
1000
5000
%000
1000
1000
1000
5000
1000
1000
1000
1000
1000
1000
2000
1000
1000
1000
1000
1000
{odvo
{000
{000
|000
{000

=

ccC

ccCccec < C

€. ceccc, cC

| S
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ANALYST: J2

SAMPLE: B804J000202

URGANICES ANALYS18 DATA GHEEY - PAGE 9
LABORATORY NAME: CHEBTER LABNET CASE NO. :

DATAFILE: 4U12189C02

B. TENTATIVELY IDENTIFIED COMPOUNDS

CAS ¥

SEMIVOLATILE COMPOUND NAMES SCAN®  PURITY AMOUNT
MO /K(
“2b-0}-7 ETHANE, PENTACHLORO- 342 923 1300
1, 3-BUTADIENE, 1,13, 4~TETRACHLORO- 366 4200
CHLORINATED HYDROCARBON COMPOUND 505 3900
CHLORINATED HYDROCARBON COMPOUND 833 12000
CHLORINATED HYDROCARBON COMPOUND 542 7100
CHLORINATED HYDROCARBON COMPOUND &a% 610
90420 NAPHTHALENE, 1~METHYL~ 667 933 1100
BENZENE, TETRACHLORQ &76 1500
4{f4-14-S ~ BENZENE, 3~CYCLOHEXEN-1-YL- 68s 9/8 1400
BENZENE, TETRACHLORO 716 660
POLYAROMATIC HYDROCARBON 7R3 800
L5935 BEN2ENE, PENTACHLORO- az1 %0 3000
UNKNDWN-DOESN ‘T MATCH ANY LIBRARY SPECTRA 891 ?300
UNKNOWN-DOESN ‘T MATCH ANY LI1BRARY SPECTRA 1153 290
AROMATIC COMPOUND 1268 360

ESTIMATED VALUE - A 1:1 RESPONSE FACTOR IS ASGUMED
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Raported on

Clisnt Name
Sample ID
Sawple Nanmae
Project No.
Cliant ID

Chestoery LabiNat -—

13-JAN-1994

FRENCH LIMITED
CAP0110-041
H93-12.159-002 1/100
S04J

S504J0002 02

Date Extractaed

28-DRC-1993

HOUSTON
Work Order t H93~12.159
Date Collectad : 23-NOV-1993
Matrix t SOIL
Date Received t 17-DEC-1993
!

Checked by

Organic Analysis Data Sheet
Compounds Analyais by SW846 Methoa 8080

MIM

Date Analyged : 11-JAN-1994 19:50 Dilution Factor : 100.000
Analyeed by + 8386656
Detection Detected

Cas & Compound Limits Conc. ug/kg
12674~-11-2 AROCLOR~1016 50000 50000 U
11104-~28-2 AROCLOR-1221 50000 50000 U
11141-16-5 ARCCLOR~1232 50000 50000 U
53469-21-9 AROCLOR-1242 50000 50000 U
12672-29-6 AROCLOR~1248 50000 50000 U
11097-69-1 AROCLOR-1254 5Q000 S0000 U
11096-82-85 AROCLOR~-1260 S0000 s0000 U

TOTAL PCBS ¢ 50000 50000 U
* = Total PCBs calculated as found AR 1242.
U = Undetesoted at the Liasted Detection Limit .
J = Compound is present, but belov the Detection Limit,
B = Conpound ia alsa found in Blank.
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INST 1D:

LAB SAMPLE ID NO.: 93121590
BAMPLE MATRIX: 8OIL

4020 SAMPLE NUMBER: S04J000203

ORGANICE ANALYSIB DATA GHEET
30RATORY NAME: CHESTER LABNET

CONCENTRATIDN: MED
DATE ANALYZED: 12/29/93

DATAFILE:

DATE SAMPLE RECEJVED: 12/17/93

RU12159v03

DILUTION FACTOR: 2000. 00

DETECTION AMOUNT
COMPOUND LMY FOUND
(MILLIGRAMS / K@)
C010 CHLOROMETMANE 20000 v
CO15 BROMOMETHANE 20000 v
C020 VINYL CHL.DRIDE 20000 Y
€020 CHLORODETMANE 20000 v
€030 METHYLENE CHLORIDE 10000 U
CO35 ACETONE 20000 U
CO40 CARBUN DISULFIDE 10000 v
CO045 1, 1-DICHLORDETHENE 10000 v
€050 1, 1-DICHLORDETHANE 10000 v
€053 1, 2-DICHLOROETHENE (TOTAL) 10000 ........... 19000
C040 CHLOROFORM 10000 ...... e 28000
€043 1.2~DICHLOROETHANE 10000 ..., ....... 19000
Ci10 2-BUTANONE 20000 v
Ci15 1,1, 1-TRICHLOROETHANE 10000 U
Ci20 CARBON TETRACHLORIDE 10000 ......... .« 40000
Cl125 VINYL. ACETATE 20000 v
Ci130 BROMODICHLOROMETHANE 10000 ...,........ 11000
€140 4, 2-DICHLOROPROPANE 10000 U
€143 (181, 3~DICHI.LOROPROPENE 10000 U {
Ci30 TRICHLOROETHENE 10000 ..., .. . 26000
C155 DIBROMOCHLOROMETHANE 10000 U S
Ci160 1,1, 2~TRICHLOROETHANE 10000 v
Cl4D BENZENE 10000 U
C172 TRANB-1, 3~DICHL.ORGPROPENE 10000 U
C17% Q2=CHLOROETHYLVINYLETHER 20000 v
€180 DBROMOFORM 10000 U
€205 4-~-METHYL-2-PENTANONE 20000 U
C210 2-HEXANDNE 20000 v
C220 TETRACHLOROETHENE 10000 v
C223 1,1/,2, 2-TETRACHLORDETHANE 10000 v
CR30 TOLUENE 10000 U
C23% CHLOROBENZENE 10000 v
CR40 ETHYLBENZENE 10000 U
C245 STYRENE 10000 v
€250 XYLENES (TOTAL) 10000 . 8600 J

= UNDETECTED AT THE LISTED DETECTION LIMIT
v = COMPQUND 18 PREGENT, BUT BELOW THE LISTED DETECTION LIMIT

000011
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INST ID:

4020

CHESTER DC # -~——- @

SAMPLE NUMBER: S04J000203

ORCANILE ANALYSIS DATA SHEEY - PAGE 4
LABORATORY NAME: CHESTER .ABNET

GC REPORT NO.: ........ ANAL

CABE NO. :
Y8T: PFC

B. "EXTATIVELY IDENTIFIED COMPOUNDS

DATAFILE:

RU12139V0:

CAS # VOLATILE COMPOND NAMES 8CAN#®  PURITY AMOUNT
MG/K(
UNKNOQWN~DDESN "~ MATCH ANY LIBRARY SPECTRA 320 18000
UNKNOWN-DOEEN " MATCH ANY LIBRARY SPECTRA 340 100000
UNKNOWN-DOESN '~ MATCH ANY LIBRARY SPECTRA 379 170000
UNKNOWN=DOE=N "~ MATCH ANY LIBRARY SPECTRA 394 420000
UNKNOWN-DOESN "~ MATCH ANY LIBRARY SPECTRA 412 8790000
UNKNOWN-DOE=N "~ MATCH ANY LIBRARY SPECTRA 441 130000
UNKNOWN-DIESN ~ MATCH ANY LIBRARY SPECTRA 434 46000
ALIPHATIC +~v)*ICARBON 9501 19000
UNKNOWN=-DOESN "~ MATCH ANY LIBRARY SPECTRA 333 120000
CYCLIC ALIP-~I7 COMPOUND S64 11000
UNKNOWN-DDESN = MATCH ANY LIBRARY SPECTRA 382 12000
ALIPHATIC -*D°ZCARBON 989 22000
ALIPHATIC =v2FJCARBON 636 82000
ALIPHATIC «+D°CCARBON 681 30000
UNKNOWN-DZEEN = MATCH ANY LIBRARY SPECTRA 490 54000
ARGMATIC I 2.ND 699 19000
ALIPHATIC =~°*T=TCARBON 227 17000
ALIPHATIC ~vDF2CARBON 762 120000
UNKNOWN-DZZEN ~ MATCH ANY LIBRARY SPECTRA 790 37000
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INST ID: 4330

SAMPLE WNUMBER:

S04J000R03

ORGANICS ANALYSIS DATA SHEET

~-ABORATQRY NAME: CHEBYER LABNET

LAB SAMPLE ID NOQ,: 931218903
SAMPLE MATRIX: SOIL

DATA RELEASE AUTHORIZED BY: DATE SAMPLE RECEIVED: 12/17/93
8EMIVOLATILES
CONCENTRATION: LOW DATAFILE: 4U12189C03
DATE EXTRACTED: 1R2/28/93
DATE ANALYZED: 01/29/94
DETECTJION AMOUNT
COMPOUND LIMIT FOUND
(MILLIGRAME /7 K@)
c319 PHENOL 1000 V
C323 BI18(2-CHLOROETHYL)ETHER 1000 V
€330 Z~-CHLOROPHENQL, 1000 U
€333 1, 3~DICHLOROBENZENE 1000 U
€340 1, 4-DICHLOROBENZENE 1000 V
€343 BENZYL ALCOHOL 1000 U
C350 1,2=-DICHLOROBENZENE 1000 U
C3s8 2-METHYLPHENDL 1000 U
CI37 2,2’-0XYB18(1~-CHLOROPROPANE) 1000 VU
€369 4~METHYLPHENOL 1000 U
€370 N-NITROBODIPROPYLAMINE 1000 U
C373 HEXACHLOROETHANE 1000 ...... 4400
C410 NITRORENZIENE 1000 U
C413 ISOPHORONE 1000 V
C4R0 2-NITROPHENOL 1000 V
C425 2, 4-DIMETHYLPHENOL 1000 U
C430 BENZOIC ACID %000 U
C438% B18(2-CHLOROETHOXY)METHANE 1000 UV
C440 2, 4-DICHLOROPHENOL. 1000 U
C440 1,2/ 4~TRICHLORUBENZENE 1000 . 180
C430 NAPHTHALENE 1000 ........... 2200
€453 A-CHLORODANILINE 1000 U
C440 HEXACHLOROBUYADIENE 1000 ........... 30000
C465 P=CHLORO-M~CRESOL 1000 U
C470 2-METHYLNAPHTHALENE 1000 ........... 730
€810 HEXACHLOROCYCLOPENTADIENE 1000 U
€618 2, 4, 6~TRICHLOROPHENOL 1000 U
€820 2,4, 5S~-TRICHLOROPHENQOL $000 v
€C32Y% Q2-CHLORONAPHTHALENE 1000 U
CO30 2-NITROANILINE 3000 V
C83% DIMETHYL PHTMALATE 1000 U
€340 ACENAPHTHYLENE 1000 . S0
€343 J3-NITROANILINE 5000 U
CO80 ACENAPHTHENE 1000 560
€399 2, 4=-DINITROPHENOL 000 U
€960 4-=NITROPMENOL 5000 U
CY96% DIBENZOFURAN 1000 . 30
€970 Q. 4-DINITROTOLUENE 1000 U
C943 2, &~DINITROTOLUVENE 1000 VU
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CHESTER LABNET DC #:~~-= 8

SAMPLE NUMBER: S04J000203

BEMIVOLATILE ORGANICS ANALYSIS DATA SHEET: CONTINUEDR
DATAFILE: 4U12159C03
DEYECTION AMOUNT
COMPOUND LIMIT FOUND

(MILLIQRAMS 7/ XG)

C3B80 DIETHYL. PHTHALATE

€835 A4-CHLOROPHENYL
C590 FLUORENE
CU9% A=NITROANILINE

PHENYL ETHER

C610 4, 6=DINITRO-2-METHYLPHENOL
C4109 N=NITROBODIPHENYLAMINE
C628 4=BROMOPHENYL PHENYL ETHER
C630 HEXACHLODROBENZENE

C&63% PENTACHLOROPHENOL

C640 PHENANTHRENE
C643 ANTHRAGCENE
C480 DI=N-BUTYL PHT
C69% FLUDRANTHENE
C71d PYRENE

C720 BUYTYL BEN2YL P
€725 3,3’-DICHLOROB
C730 BENZO(A)ANTHRA
C74% BIS(~ETHYLHEX
C740 CHRYSENE

HALATE

HTHALATE
ENZIDINE
CENE
YLIPHTHALATE

C760 DI-N-OCTYL PHTHALATE
C76% BENIOQ(B)FLUORANTHENE
€770 BEN2O(K)IFLUDRANTHENE

€775 BENZO(A)PYRENE
€780 INDENO(1.2,3-C

DIPYRENE

C78% DIBENZO(A, H)ANTHRACENE
€790 BENZD(GHI)PERYLENE

U = UNDETECTED AT THE LIS
J = COMPOUND I8 PRESBENT,

TED DETECTION LIMIT

1000
1000
1000
5000
5000
1000
1000
1000
2000
1000
1000
1000
1000
1000
1000
2000
1000
1000
1000
1000
1000
1000
1000
1000
1000
+ 1000

c.

C_CCCcCc CcC

cceccecece C CC

BUT BELOW THE LISTED DETECTION LIMIT
* = AMOUNT' TAKEN FROM 1: 1000 CORRECTION FACTOR RUN
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SAMPLE: 804J000203

ORGANICS ANALYSIS DATA SHEET -~ PAGE 3
LABORATORY NAME: CHESTER LABNET CABE NO.: =~

ANALYST: J2 DATAFILE: 4U1213%9C03

B. TENTATIVELY IDENTIFIED COMPOUNDS

CAS ® SEMIVOLATILE COMPOUND NAMES SCAN®  PURITY AMOUNT
Mo/

2%-0l-7 ETHANE, PENTACHLORO- 308 9o/ aso

GHLORINATED HYDROCARBON COMPOUND 450 390

CHLORINATED HYDROCARBON COMPOUND aan 270

CHLORINATED HYDROCARBON COMPOUND 493 700

CHLORINATED HYDROCARBON COMPOUND 524 2300

CHLORINATED HYDROCARBON COMPOUND 533 1400

Qo420 NAPHTHALENE, 1-METHYL- sba 42 510

BENZENE, TETRACHLORO 673 230

4994-14-G  BENZENE, 3-CYCLOHEXEN-1-YL- s82 14| 320

POLYAROMATIC HYDROCARBON 721 430

£of-93-5 BENZENE, PENTACHLORD- 820 41y 870
UNKNOWN=DOESN ‘T MATCH ANY LIBRARY SPECTRA 890 4500

ESTIMATED VALUE -~ A 1:1 REBPONSE FACTOR IS ASSUMED
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Reported on

Client Name
Sampls ID
Sample Name
Project XNo.
Client ID

Chestearxr LabNat -~

13-JAN-1994

PRENCH LINITED
CBPO110-040
H99-12.159-003 }/50
S504J

504J0002 03

Date Extracted

28-DEC-1993

HOUSKTON
Work Order t H93-12.159
Dato Collacted 1 23-§OV=-1993
Natrix s 80IL
Date Received : 17-DEC-1993

Checked by

Organic Analysis Data Shaet
Compounds Analysis by SW846 Method 8080

MTIN

Date Analyzed : 11-JAN-1994 19:04 Dilution Factor 1 50.000
Analyezed by t 8388656
Detection Detected

Cas & Compound Linmits Conc. ug/kg
12674-11-2 AROCLOR-~10]6 25000 25000 U
11104-28-2 AROCLOR-~1221 25000 25000 U
11141-16-5 ABOCLOR-~1232 25000 25000 U
53469-21-9 AROCLOR-~1242 25000 25000 U
12672-29-6 AROCLOR~1248 25000 25000 U
11097-69-1 AROCLOR~1254 25000 25000 U
11096-~-82-5 AROCLOR~1260 25000 25000 U

TOTAL PCBS *» 25000 25000 U
% = Total PCBs calculated as found AR 1242,
U = Undetected at the Listed Datection Limit .
J = Compound is present, but belov the Detection Limit.
B = Compound is also found in Blank.
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